VotumE XIX AUGUST, 1927 


A CASE OF INTESTINAL MYIASIS IN A BREAST-FED 
INFANT. 


By JOHN RENNIE, D.Sc. 
(University of Aberdeen.) 


On February 8th, 1923, I received three examples of living larvae of Musca 
domestica, from Dr James A. Stephen (Head of the Child Welfare Department 
of the Public Health Service, Aberdeen) with a statement that they “came 
from the bowel of a child, 4 months old, breast-fed, but having sugar on 
a teat.” 

On further enquiry it was found that the maggots, of which there was 
a fair number, although only three were preserved, were discovered in the 
child’s motion. The napkin had been placed upon the child about half an hour 
previously and when the maggots were found was not urine soiled. The child’s 
cries attracted attention to the motion, which was thus observed almost imme- 
diately on being passed. There had been no indications of prior gastric or 
intestinal disturbance. The child was 2? pounds below the average weight at 
18 weeks; it was kept but moderately clean and consequently was known to 
have at times an offensive odour. The dwelling was most insanitary and the 
atmosphere close. Flies were numerous in the rooms. 

Following the discovery of the maggots enemata were given by the district 
nurse on the same and following day, and observation of the faeces passed 
was continued for a week but maggots were not again found. 

That the case is one of intestinal myiasis, the circumstances do not admit 
room for doubt. The maggots appeared fully grown, being about 7-8 mm. 
long and in the last larval stage. The only other possible explanation would 
be that the maggots were present on the cloth when this was applied to the 
child by the mother. The improbability of this is borne out, not only by her 
statement that the napkin was unsoiled but by the circumstance that the motion 
was observed immediately after it was passed and the maggots were then 
thoroughly incorporated with it, and, further, no signs of previous faecal 
contamination were observable on the cloth. While the age and ordinary 
manner of nutrition of the baby may be regarded as rendering improbable the 
likelihood of ova or maggots having been directly conveyed during feeding, 
oviposition upon the lips or nostrils of the sleeping infant may have occurred. 
That larvae introduced in this way may survive the passage through the 
alimentary canal appears certain from previously recorded cases. 
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Nevertheless, it is likelier that oviposition in this case took place on or near 
the anus and the hatched larvae entered the rectum where they underwent 
their earlier stages of growth and subsequently passed to the exterior pre- 
paratory to pupation. Myiasis in infants has been recorded in two cases by 
Austen (1912). 

One of the three larvae was killed for examination and determination, 
whilst the other two were placed in moist stable manure and kept in a warm 
place in the laboratory. These larvae remained restless, seeking persistently 
to leave the manure. Within two days, for some undiscovered cause, they 
died without pupating. 

On examination the larva proved to be that of Musca domestica and the 
determination was kindly confirmed by Major W. 8. Patton. That M. dovnestica 
may attempt to breed in human dwellings in February in the rigorous climate 
of the north of Scotland is not without interest. 
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ON CESTODES COLLECTED IN BURMA. 


By F. J. MEGGITT. 
(University of Rangoon.) 
(With Plate VIII and 5 Text-figs.) 


Order CYCLOPHYLLIDEA Carus. 
Family ANOPLOCEPHALIDAE Fuhrmann, 1907. 
Sub-family ANOPLOCEPHALINAE Blanchard, 1891. 
Cittotaenia ? arvicola Fuhrmann, 1897. 


Host. Somett’s jungle fowl. 

Locality. Victoria Memorial Park, Rangoon. 

A single specimen 14! long, 3 broad. Genital pore in centre of proglottis 
margin, vaginal pore posterior to cirrus sac. Testes approximately 100, in 
a broad band posterior to female glands and extending laterally to excretory 
vessels: between ovaries testes extend more anteriorly and are in six trans- 
verse rows. Cirrus sac 0:31-0:56 x 0-04-0-06 long, extending just past ex- 
cretory vessels, containing a small vesicula seminalis. Ovaries practically 
touching the respective excretory vessels. Vitelline gland rather aporal and 
posterior to ovary. Gravid segments absent. 

The only unarmed cestode with double genital pores recorded from Galli- 
formes is Cittotaenia arvicola from Lophophorus refulgens by Southwell (1922, 
p. 147). Unfortunately the description of this species is here inaccessible. As 
only a single specimen was found it would be inadvisable in any case to create 
a new species: the present form is therefore provisionally listed under the 
above name. 

Sub-family Fuhrmann, 1907. 
Oochoristica fibrata n.sp. (Pl. VIII, fig. 4). 

Host. Boiga cyaneus. 

Locality. Rangoon. 

Length 70-90, breadth 1-3. Genital pore alternating, at limit of anterior 
fifth or quarter of proglottis margin. Genital cloaca large, spherical. Cirrus 
sac 0-12-0-16 x 0-044, extending to longitudinal excretory vessels in gravid 
segments but past in mature ones, reaching 1/3 across segment. Testes 35-36, 
posterior to female glands, extending laterally to mid-line of ovary. Vagina 
posterior to cirrus sac. Eggs singly in egg capsules, extending exteriorly to 
longitudinal excretory vessels into cortex and occupying the whole proglottis. 


1 All measurements in mm. 
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Apart from 0. pseudopodis (Krabbe, 1879) of which an adequate descrip- 
tion does not exist. the nearest species to the present form is O. agamae Baylis 
1919, from which it differs in the arrangement and slightly smaller number 
of the testes and in the cortical extension of the eggs. While not characters 
in themselves of specific value, the difference in hosts (Reptilia and Amphibia) 
and in geographical distribution (Burma and Portuguese East Africa) help to 
differentiate the two forms. 


Oochoristica figurata n.sp. (PI. VIII, fig. 2). 

Host. Crocidura murina (L. 1766). 

Locality. Rangoon. 

Length 11-16, breadth 1. Scolex 0-25 dia., Inermicapsifer-like in appear- 
ance, with suckers opening anteriorly, and a transverse circular constriction 
separating them from the bluntly conical anterior portion. Scolex succeeded 
by a pseudo-segmented portion, ending after the appearance of the genital 
anlagen: this external segmentation in no way corresponds to the internal as 
2-3 genital anlagen may be present in one apparent proglottis. All segments 
at least twice as broad as long. Genital pore alternates irregularly, nearly 
at extreme anterior angle of proglottis. Genital cloaca shallow. Testes 24-33, 
in two distinct equal groups joined by 3-5 along posterior margin, extending 
laterally nearly to anterior margin of ovary. Cirrus sac extending to longi- 
tudinal excretory vessel. Ovary bilobed, the two lobes being joined by a 
narrow, almost invisible isthmus, each much subdivided into finger-like pro- 
cesses, the aporal larger, more anterior than the poral. Vitelline gland slightly 
poral. Uterus apparently absent, eggs appearing suddenly in capsules while 
ovary is still functional. Egg capsules numerous, 300 at least, extending into 
cortex and practically filling segment. Testes first appear 19 segments after 
first appearance of genital anlagen, ovary 33 and egg capsules 65. Male and 
female organs both mature in segment 55 but male also mature earlier. 

The number of testes separates this from all forms except O. theileri Fuhr- 
mann, 1924: from that species it is separated by the greater number of egg 
capsules, the anterior position of the genital pore and the disposition of the 
testes (the two groups being only occasionally joined in O. theileri). 


Thysanotaenia incognita n.sp. (Pl. VIII, fig. 1). 

Host. Macropus ruficollis Desmarest, 1817. 

Locality. Victoria Memorial Park, Rangoon. 

Length 50, breadth 0-9. Scolex devoid of rostellum and hooks. Posterior 
segments longer than broad, in shape like those of Dipylidium caninum. 
Genital pore unilateral, in centre of proglottis margin. Genital cloaca practi- 
cally absent. Cirrus sac 0-18-0-21 x 0-07-0-1, either pear-shaped or cylin- 
drical according to degree of contraction, extending to longitudinal nerve, 
containing coiled portion of vas deferens and a much swollen vesicula seminalis: 
the latter statement, owing to the poor state of preservation of the worms, 
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must be regarded with caution. Vas deferens much coiled, the coils lying 
either external to or on the excretory vessels. Testes in two posterior groups, 
5-7 poral and 11-15 aporal, unconnected, internal to excretory vessels. Ovary 
an irregular median sac, in mature segments extending to both ventral ex- 
cretory vessels and occupying most of the proglottis. Uterus ephemeral, eggs 
passing into thin-walled egg capsules, each containing a single egg and ex- 
tending laterally to excretory vessels. 

In a previous paper (Meggitt, 1921, p. 195) the genus Thysanotaenia 
Beddard, 1911, was considered a synonym of Multicapsiferina. The discovery 
of the present form and its possession of two characters mentioned paren- 
thetically by Beddard, the original diagnosis containing sub-family characters 
only, necessitates a reconsideration of the previous opinion. None of the 
genera of this sub-family possess the combination of median female glands, 
testes within the excretory vessels, and unilateral genital pores and this 
establishes the genus. From the original species the present form is dis- 
tinguished by the eggs being singly in egg capsules. 

The following is thus the position in the sub-family Linstowinae Fuhrmann, 
1907. 


F. J. Meaoitr 


Inermicapsifer Janicki, 1910. 


Synonomy. Arhynchotaenia Pagenstecher, 1878; Multicapsiferina Fuhr- 
mann, 1902; Zschokkeella Ransom, 1909. 

Diagnosis. Linstowinae: Excretory plexus on dorsal and ventral surfaces 
of proglottides. Genital pore unilateral. Genital ducts pass between excretory 
vessels. Cirrus sac small. Testes in two lateral groups extending externally 
to excretory vessels. Female glands poral. Adults in mammals. 

Type-species. I. hyracis (Rudolphi, 1810). 


Oochoristica Liihe, 1898. 


Synonomy. Anoplotaenia Beddard, 1911; Linstowia Zschokke, 1898. 
Diagnosis. Linstowinae: Genital pore irregularly alternates. Testes nume- 
rous, not extending laterally to excretory vessels. Female glands central. 
Eggs enclosed singly in egg capsules. Adults in mammals and reptiles. 
Type species. O. tuberculata (Rudolphi, 1810). 


Thysanotaenia-Beddard, 1911. 


Diagnosis. Linstowinae: Excretory plexus on dorsal and ventral surfaces 
of proglottis. Genital pore unilateral. Genital ducts pass between excretory 
vessels. Cirrus sac small. Testes in two lateral groups, not extending externally 
to excretory vessels. Female glands median. Adults in mammals. 
Type-species. 7’. lemuris Beddard, 1911. 
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Family DAVAINEIDAE Fuhrmann, 1907. 
Sub-family DavarnernaE Braun, 1900. 
Davainea proglottina (Davaine, 1860). 

Host. Gallus gallus dom. 

Locality. Rangoon. 

This species has, so far, only been observed once, when numerous specimens 
were present. Rostellar hooks absent. Proglottides never more than 5, 
Testes 17. Cirrus sac 0-28-0-31 x 0-06. Egg capsules sometimes extending 
into cortical parenchyma, usually confined within medullary. The present 
specimens have the typical appearance of this species and in that respect 
differ from the English forms: such a difference is without specific value. In 
discussions on the validity of the different species Sweet’s description (1910, 
Pl. 33, fig. 13) of D. varians has passed unquestioned: either this author, 
following the original paper of Blanchard (1891, p. 430, fig. 4), has committed 
the same error of describing the egg capsules as testes, or the distribution of 
the testes elevates the form to specific rank. 


Raillietina aruensis (Fuhrmann, 1911). 

Host. Lorius lory. 

Locality. Victoria Memorial Park, Rangoon. 

Length 260, breadth 1-2. Rostellum armed with 230 hooks, 0-017 long, 
in two rows. Genital pore unilateral. Cirrus sac extending to or not quite 
to excretory vessels. Testes 10-17. Ovary fan-shaped. Egg capsules not 
extending lateral to excretory vessels. Fully gravid segments absent. 

The above characters are sufficient to identify the worm with R. aruensis, 
originally described from Lorius garrulus. The present specimens were ab- 
normal in all respects. Proglottides with fully developed genital organs 
alternated with groups of wholly or partially sterile ones. In the former 
case, male organs were present without female, or vice versa, or both present, 
or any organ (e.g. cirrus sac) absent while the remainder were present; in the 
latter case, all varieties of transition occurred. The present host is thus an 
unusual one, in which the cestode cannot attain complete development. 


Raillietina famosa n.sp. (Pl. VIII, fig. 7). 

Host. Eclectus pectoralis (P. 8. L. Miill.). 

Locality. Victoria Memorial Park, Rangoon. 

Length over 25, breadth 1-2. Scolex 0-15 dia. Rostellum 0-08 dia., armed 
with approximately 180 hooks, 0-01-0-012 long. Suckers unarmed. Genital 
pore unilateral, at or slightly anterior to centre of proglottis margin. Genital 
cloaca present or absent according to state of contraction of segment. Vas 
deferens narrow, much coiled. Testes 6-11 poral, 14-18 aporal, total 25-29. 
Cirrus sac 0-11-0-13 long, extending to longitudinal nerve. Vagina near 
genital pore very muscular. Egg capsules 20-38, each containing 2-3 (occa- 
sionally 4—6) eggs and extending laterally to excretory vessels. 
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Raillietina flabralis n.sp. (PI. VIII, fig. 5). 

Host. Dichoceros bicornis. 

Locality. Victoria Memorial Park, Rangoon. 

Whole of posterior portion of intestine choked by a mass of cestodes, 
probably causing the death of the host. Greatest length 350, greatest breadth 
1-0. Seolex 0-216 dia. Rostellum 0-08 dia., armed with 350 hooks 0-006 long, 
in two rows. Posterior to rostellum a spiny collar similar to that already 
described for other species of this genus. Attachment of scolex to strobilus 
very slender and easily broken: from some 50 tapeworms only 3 scoleces were 
found. End segments square. Genital pore unilateral, at centre of proglottis 
margin. Genital cloaca practically absent. Cirrus sac 0-12 long (maximum 
size), oblique, not quite reaching excretory vessel, containing a few coils of 
the vas deferens and a wide duct generally swollen towards the inner end and 
probably serving as a vesicula seminalis: end of cirrus sac protusible and duct 
capable of evagination. No trace of cirrus other than this duct and no trace 
of spines. Testes 4-5, usually 3 along posterior margin of intestine and 2 
aporal: no poral group. Ovary horseshoe-shaped, with concavity directed 
posteriorly, entirely filling the narrow ventral surface between the excretory 
vessels except for the vitelline gland. Egg capsules 0-13-0-14 dia., 17-23 in 
two layers, not extending laterally to the excretory vessels and each con- 
taining 10 eggs. This is only the fourth species of this genus to be recorded 
from the Coraciformes. 


0-025mm. 


Text-fig. 1. Choanotaenia galbula: rostellar hook. 


Family HYMENOLEPIDIDAE Railliet and Henry, 1909. 
Sub-family Fuhrmann, 1907. 
? Choanotaenia galbula (Gmelin, 1790) (Text-fig. 1). 
Host. Corvus splendens insolens. 
Locality. Rangoon. 
Length 17, breadth 0-4. Scolex 0-25-0-35 dia.: rostellum 0-1 dia., ex- 
tending to or well past posterior margin of suckers: rostellar hooks 21, 
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0-36-0-04 long. Proglottides immature. Genital pore alternates at limit of 
anterior quarter of proglottis margin. Testes ? 35-45. 

Figures of the hooks of Zeder’s species are not accessible here. The above 
description agrees with that of C. galbula, so the present form is provisionally 
placed under that name. 


Pentorchis arkteios n.g., n.sp. (Pl. VIII, fig. 3). 

Host. Ursus malayanus Raffles, 1822. 

Locality. Victoria Memorial Park, Rangoon. 

Length 140, breadth 1-0. Scolex 0-38 dia.; rostellum 0-07 dia., extending 
just past centre of suckers. No hooks seen: the form may therefore be unarmed 
or have shed them. Proglottides numerous and all broader than long. Ex- 
cretory vessels normal, with dorsal complex. Preservation too bad to ascertain 
details of musculature. Genital pore unilateral, slightly posterior to centre 
of margin. Genital cloaca small, genital pore surrounded by a distinct 
sphincter muscle. Cirrus sac 0-25-0-35 x 0-03-0-04 long (measurements taken 
from adjacent proglottides), passing excretory canals and extending to centre 
of segment. Testes 5, along posterior margin of proglottis, typically 3 aporal 
and 2 poral separated by female glands: but this arrangement was occasionally 
reversed—one at least each side lateral to excretory vessels. Vagina opening 
posteriorly to cirrus sac, much coiled, and just external to excretory vessel 
opening into a large receptaculum seminis which extends practically to ovary: 
coils of vagina and receptaculum seminis may extend anteriorly to cirrus sac. 
Ovary sac-like, central. Uterus persistent, sac-like, slightly lobulated and 
with a few minute incomplete septae, in gravid proglottides extending to 
margin of segment. 

Referring to keys previously given (Meggitt, 1924, p. 54) the present form 
must be included in the Dilepininae or in the Hymenolepidinae. From the 
latter it differs in the absence of an external vesicula seminalis and in the 
course of the genital ducts, but agrees with it in the unilateral genital pores, 
the small number of testes and the short broad proglottides; differs from the 
former in the two last characters but agrees in all else. The present form is thus 
intermediate between the two, but has greater affinities with the former; the 
diagnosis of that sub-family must therefore be altered to “Testes numerous 
or few (5).” From the next key it may be seen that the present form falls 
into line with Dendrouterina, Clelandia and Cyclorchida. From the first it is 
separated by the absence of a uterine reticulum, from the second by the 
arrangement of the testes and the absence of powerful cirrus spines, from the 
third by the absence of a genital papilla and vesicula seminalis (Vevers, 1922, 
p- 925) and the position of the testes, and from all three by the small number 
of testes and the (?) unarmed rostellum. It therefore becomes necessary to 
create for it a new genus for which is proposed the name Pentorchis with the 
present species as type. 

Diagnosis. Dilepininae: Rostellum unarmed (?). Genital pore unilateral. 
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Testes few, along posterior margin of segment, some external to excretory 
vessels. External vesicula seminalis absent. Ess seminis large. 
Uterus sac-like. Adults in mammals. 

Type-species. Pentorchis arkteios. 


Sub-family Stiles, 1896. 
Dipylidium caninum (L. 1758). 

Host. Canis familiaris. 

Locality. Rangoon. 

Anatomy as usual except that rostellar hooks varied from 0-01-0-02 long 
instead of from 0-005-0-015 long. Cirrus sac 0-14-0-16 x 0-06-0-08. Egg 
capsules in a single row dorso-ventrally and confined within the excretory 
vessels. It is peculiar that dogs and cats in Rangoon and Calcutta (Chandler, 
1925, p. 216) should be infected by this species while in Nagpur it is rare 
and in Lahore (Sondhi, 1923, p. 61) entirely absent. 


Sub-family HyMENOLEPIDINAE Ransom, 1909. 
Hymenolepis sciurina Cholodkovsky, 1912. 

Host. Sciurus erythraeus Pallas 1788. 

Locality. Rangoon. 

Length 50, breadth 2. Scolex 0-25 dia. Rostellar hooks absent. Cirrus sac 
0-22-0-25 x 0-025 in mature, 0-27—-0-3 x 0-025 in gravid segments, extending 
to or not to excretory vessels. Testes all in the same straight line. Ovary 
between most poral testis and the next. The description of Cholodkovsky 
(1912, p.51; 1913, p. 239) is inaccessible here, the present form being placed in 
this species by reason of its host and its unarmed rostellum. Should this 
identification be correct, the species should rank as a synonym of Hymenolepis 
diminuta (Rudolphi, 1819), the differences existing not being of specific rank. 


Weinlandia ficticia n.sp. (Pl. VIII, fig. 6; Text-fig. 2). 

Host. Pelican. 

Locality. Victoria Memorial Park, Rangoon. 

Length 15-20, breadth 0-2. Scolex 0-17-0-2 dia. Rostellum 0-06-0-07 dia., 
extending posteriorly nearly to posterior margin of suckers: armed with a 
double circle of 24 hooks, 0-034-0-039 and 0-048-0-052 long, the long and 
short hooks alternating. Both ventral excretory vessels present: a large 
plexus on ventral surface of proglottis. Genital pore at anterior third or 
quarter of proglottis margin. Genital cloaca narrow. Sacculus accorius absent. 
Cirrus sac 0:13-0:14 x 0-028-0-044 in mature segments, 0-14-0-16 and the 
same breadth in gravid ones, extending to or nearly to aporal excretory 
vessel, not entering into preceding segment. Testes two posterior and one 
anterior and external, or anterior, or anterior and internal to the aporal 
posterior testis. All testes in close contact, practically filling dorsal surface 
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of proglottis. Receptaculum seminis large, spherical, filling two-thirds of the 
space ventrally between the excretory vessels. Ovary ventral to testes, at 
first lobed, later horseshoe-shaped. In posterior proglottides several large 
granular bodies, nearly as large as the testes: some result from degeneration 
of the receptaculum seminis and vesicula seminalis, the nature of the others 
could not be ascertained. The nearest species to the present form is W. medici 
(Stossich, 1890) from which it differs in having two sizes of hooks, larger hooks, 
an aporal excretory vessel and the cirrus sac confined to one segment, though 
it agrees in shape of hooks. The characters given in the description suffice to 
distinguish it from all others of the genera Hymenolepis and Weinlandia. 


PIN 


Fig. 3. 
Text-fig. 2. Weinlandia ficticia: rostellar hook. 
Text-fig. 3. Rostellar hooks: a, Weinlandia furcata; b, W. minutissima; c, W. solitaria. 


Weinlandia furcata (Stieda, 1862) (Text-fig. 3 a). 

Host. Crocidura murina (L. 1766). 

Locality. Rangoon. 

Length 15, breadth 0-25. Scolex 0-125 dia. Rostellum 0-07 dia., extending 
to or past posterior margin of suckers: rostellar hooks 25, 0-019-0-024 long. 
Genital pore in centre of proglottis margin. Cirrus sac 0-044—0-056 x 0-017, 
extending past longitudinal excretory vessels, approximately one-fourth of 
width of segment. Of the two aporal testes, the anterior internal to the 
posterior. Vagina with a terminal swelling ending at the genital pore and 
communicating by a narrowed portion with the central globular receptaculum 
seminis. Ovary in fully mature proglottides occupying the whole width of 
the proglottis. Uterus rectangular, filling whole segment, with a dorsal— 
absent ventrally—partition dividing it into two approximately equal halves. 
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By reason of the small size it is impossible to give any figures, the above 
description being pieced together from many proglottides. 


Weinlandia minutissima n.sp. (Text-fig. 3 0). 

Host. Crocidura murina (L. 1766). 

Locality. Rangoon. 

Length 2, breadth 0-15. Scolex 0-12-0-125 dia. Rostellum 0-046-0-075 
dia., extending just past posterior margin of suckers: rostellar hooks 12, 
0-016-0-018 long. Cirrus sac passing excretory vessels. Gravid segments 
absent. General anatomy agreeing with that of W. uncinata (Stieda, 1862) 
from which species the present form differs in number and shape of rostellar 
hooks. No other species of this genus possesses the above characters. 


Weinlandia solitaria n.sp. (Text-fig. 3 c). 
Host. Crocidura murina (L. 1766). 


Locality. Rangoon. 
Rostellar hooks 16, 0-016-0-017 long. Otherwise agreeing with W. minu- 


tissima. 


Weinlandia uncinata (Stieda, 1862). 


Family BIUTERINIDAE n.-fam. 
Sub-family BruTERININAE n.sub-fam, 
Deltokeras ornitheios n.g., n.sp. (Pl. VIII, fig. 8; Text-fig. 4). 
Host. Urocissa occipitalis. 
Locality. Victoria Memorial Park, Rangoon. 
Only two specimens found. Intestine swarming with an undetermined 
species of nematode. Bird died but no signs of ill-health discovered. Length 


Text-fig. 4. Deltokeras ornitheios: rostellar hook. 


of worm 40, breadth 1-1. Rostellum armed with two rows of hooks, 40 in 
each row, the hooks, of the characteristic Biuterina type, being alike and 
measuring 0-027-0-031 long. Calcareous corpuscles numerous, often clumped 
together. Genital pore unilateral, at anterior third of proglottis margin. 
Genital cloaca small or absent. Cirrus sac 0-14-0-2 x 0-04, extending past 
excretory vessels. Testes 20, posterior and lateral to posterior portion of 
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ovary. Ovary central, sac-like, little lobed. Gravid segments absent. The 
most fully developed segment showed a lobed sac filled with eggs, occupying 
the former position of the ovary and extending to the anterior margin of the 
proglottis. The walls of the sac did not show the fibrous structure character- 
istic of a paruterine organ but agreed with those of an uterus. In the genus 
Biuterina as described by Fuhrmann (1902, p. 358) the uterus is posterior 
and the paruterine organ anterior to it; the same is true of Anonchotaenia. 
In the present case no room exists for an anterior paruterine organ. It is 
therefore necessary to create for this species a new genus for which I propose 
the name Deltokeras and the following diagnosis: Rostellum armed with 
triangular hooks. Genital pore unilateral. Testes numerous, posterior and 
lateral to female glands. Uterus persistent. Type species D. ornitheios. 

There exist four genera with similar and characteristic hooks: Biuterina 
Fuhrmann, 1902; Cyclorchida Fuhrmann, 1907; Deltokeras and Sphaeruterina 
Johnston, 1914. The first and last have a paruterine organ, the other two a 
persistent uterus. The differences between the first pair are small and consist 
merely of the more numerous testes in Biuterina; the opinion of Fuhrmann 
(1918, p. 435) that they are identical is probably correct and Sphaeruterina 
should fall into synonomy with Biuterina. In the Cyclophyllidea the family 
Davaineidae contains genera with persistent uteri, with egg capsules and with 
paruterine organs, and is characterised solely by the shape of the rostellar 
hooks. Again the sub-family Linstowinae is chiefly separated from the 
Dipylidinae by the absence of rostellar hooks but is placed in a separate 
family. The four genera above mentioned possess rostellar hooks of a definite 
shape differing from any others and without transitional forms. Following 
the above precedents where condition of uterus is subordinated to armature 
of scolex, a new family should be created for the reception of these genera. 
The following classification is therefore proposed: 

Biuterinidae: Cyclophyllidea: Rostellum armed with triangular hooks. 
Type-genus Biwerina Fuhrmann, 1902. 

Deltokerinae: Biuterinidae: Uterus persistent. Type-genus Deltokeras 
(present paper). 

Biuterinidae: Biuterininae: Uterus replaced by paruterine organ. Type- 
genus Biuterina. 


Family TAENIIDAE Ludwig, 1886. 
Taenia sp. (Text-fig. 5). 

Host. Semnopithecus entellus. 

Locality. Victoria Memorial Park, Rangoon. 

A single cyst attached to mesentry and containing a single scolex. Cyst 
clear and transparent. Rostellum armed with a double crown of 30 hooks, 
large and small alternating. Large hooks 0-37-0-4 long, small hooks 0-26-0-28 
long. Except 7’. taeniaeformis and T. laticollis this is the largest hook recorded 
from this genus. Calcareous corpuscles numerous. Suckers unarmed. 
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The larval stages of cestodes recorded from Primates are: 


Diphyllobothrium mansoni (Cobbold, 1882) 


D. proliferum (Ijima, 1905) 
Dithyridium crispum (Rudolphi, 1819) 
Echinococcus granulosus (Batsch, 1786) 


Multiceps macaci (Cobbold, 1861) 
M. multiceps (Leske, 1780) 

M. ramosus Railliet and Maralluz, 1919 
Sparganum baxtert Sambon, 1907 
S. sp. Cleland, 1918 

S. sp. Houdemer, 1925 

Taenia macrosomatus (Nitsch) 

T. pileatus (Bojanus, 1821) 

? T. pisiformis (Bloch, 1782) 

T. sp. (Cobbold, 1857) 

T. sp. (Lithe, 1894} 


0-1mm. 


Man, Macacus furcatus 
Ma 


n 

Cercopithecus sabaeus 

Man, Macacus inuus, M. cynomolgus, 
M. rhesus, M. silenus, Papio porcarius 

Macacus sp. 

Man 

Macacus sinicus 

Man 

Man 

Macacus sinicus 

Macacus inuus 

Macacus inuus 

Man 

Macacus sinicus 

Cercopithecus mona 


Text-fig. 5. Taenia sp.: rostellar hook. 


From these the present form may be distinguished by generic characters 
or the size and shape of the hooks. On the other hand it is inadvisable to 
create a new species for a single larval specimen upon the sole character of 
size of hooks; the specimen is therefore left unnamed. 


Diphyllobothrium ranarum (Gastaldi, 1854). 


Host. Canis familiaris. 
Locality. Rangoon. 


Agreeing in all respects with the description already given (Meggitt, 1925, 
p. 654) except for the greater variation in size of the eggs (0-052-0-068 x 
0-031-0-038). In view of the natural occurrence of this form the results of 
the previous feeding experiment should be regarded with suspicion until 
more fully substantiated. In support of it should be given the experience of 
the writer in seeing the frequent eating of frogs and lizards by dogs and cats, 
in many cases for food, in others for sport. Infection by this cestode is thus 


to be expected. 
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Dithyridium sp. ii. 


Host. Mabuia carinata. 

Locality. Rangoon. 

A number of cysts in the liver. Each was 3 maximum diameter and con- 
sisted of an outer thick coat, an inner thin one and a central larva. The latter 
was devoid of scolex and armature. At one end an invagination ending in 
four suckers and a creased hard circular object, at the other a small pore 
leading into a small narrow chamber. 


Dithyridium sp. iv. 

Host. Bungarus multicinctus. 

Locality. Rangoon. 

A single specimen from the intestinal wall. 

Dithyridium sp. i. 

Host. Rhabdophis stolatus. 

Locality. Rangoon. 

A very common species. Intestinal wall and mesentery studded with cysts 
0-7-1-2 dia. Each cyst consists of several fibrous concentric coats within 
which lives a free larval cestode. Larva, when relaxed, 2 x 1, solid, with no 
distinct head, no armature and no invagination. At one extremity four feeble 
suckers. Calcareous corpuscles exceedingly numerous. Found in every indi- 
vidual of this species dissected. 


Sparganum sp. ii. 

Host. Dichoceros bicornis. 

Locality. Victoria Memorial Park, Rangoon. 

Body of the usual Sparganum appearance. Length 50-70, breadth 2, 
breadth at anterior end of body 4. An anterior terminal depression present. 
Body covered with fine transverse striations. Segmentation and scolex absent. 
No trace of genital organs. Calcareous corpuscles numerous. Probably the 
larval stage of a Diphyllobothrium. 
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EXPLANATION OF PLATE VIII. 


¢.8. cirrus sac; ov. ovary; 7.8. receptaculum seminis; ¢. testes; v. vagina; v.d. vas deferens; 
vit. vitelline gland. 
Fig. 1. Thysanotaenia incognita n.sp. Fig. 5. Raillietina flabralis n.sp. 
Fig. 2. Oochoristica figurata n.sp. Fig. 6. Weinlandia ficticia n.sp. 
Fig. 3. Pentorchis arkteios n.sp. Fig. 7. Raillietina famosa n.sp. 
Fig. 4. Oochoristica fibrata n.sp. Fig. 8. Deltokeras ornitheios n.sp. 


(MS. received for publication 1. 11. 1927.—Ed.) 
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I. InTRODUCTION. 


At the end of October, 1924, a sample of faeces taken from a dog suffering 
from diarrhoea and heavily infected with Isospora bigemina was sent to this 
laboratory by Dr A. L. Sheather of the Royal Veterinary College. The sample 
of faeces, which had been diluted with tap water, contained numerous oocysts 
of the coccidium. With a view to watching their further development the 
test-tube containing the material was left at room temperature. Two days 
later, when examining the faecal suspension, I was surprised to find that it 
contained a large number of active ciliates, the origin of which I was at a 
loss to explain, not being at that time aware that the faeces had been diluted 
with unboiled water’. There was at first some difficulty in identifying the 
ciliate, which later proved to belong to the genus Lembus, all species of which 
are free-living and, with one or two exceptions, marine. 


1 For particulars of this case I am indebted to Dr A. L. Sheather. 


t 
( 
t 
t 
f 


1 

¢ 

t 

( 

i 

a 


C. A. HoaRE 155 


The circumstances under which this ciliate was found left no doubt that 
it was in no way associated with the dog, but belonged to the category of 
so-called coprozoic Protozoa, having found its way into the faeces accidentally. 

Although originally the term “coprozoic” was apparently employed by 
Minchin in a narrow sense to designate “‘those protozoa which are carried 
through the alimentary canal in a passive, encysted condition and become 
active...in the moist dung” (fide Woodcock, 1916), I will follow Dobell 
(Dobell and O’Connor, 1921) and Alexeieff (1917) in using it here with a 
broader meaning to include, in addition to the forms comprised in Minchin’s 
definition, all organisms which are able to live in faeces generally, since in 
practice it is very difficult to discriminate between the two categories. 
Alexeieff (1917) proposed to designate those coprozoic organisms, or protista- 
coprocolae, as he calls them, which are voided with the faeces as endogenous, 
and those that contaminate them from outside as exogenous. 

As is known, the literature on the intestinal Protozoa of man contains a 
number of instances in which ciliates hitherto known to be exclusively free- 
living species were described as new human parasites. The description in 
nearly all these cases leaves considerable room for doubt both as regards the 
systematic position of the ciliates and their relation to man. A critical account 
of these forms can be found in the works of Dobell and O’Connor (1921), 
Wenyon (1926) and elsewhere, so that it is unnecessary to discuss them in 
detail here. 

There are, however, several records of such pseudo-parasitism in which 
the ciliates bear a fairly close resemblance to the one found by me in the 
dog’s faeces. These are the cases of alleged human infection with “Uronema 
caudatum” described by Martini (1910) and by Yakimoff and his collaborators 
(1921-1925). As a detailed analysis of these works will be given below, it will 
suffice to remark here that none of them provides the slightest evidence of 
the parasitic nature of the ciliates described. There can be very little doubt 
that the ciliates recorded by the authors mentioned above were actually 
free-living forms which had accidentally found their way into the material 
examined or into the culture medium which was mixed with this material. 

However, in spite of the fact that the authenticity of “ Uronema caudatum” 
as a human parasite has been disputed by a number of protozoologists, it still 
continues to find a place in some text-books, on the assumption that under 
certain conditions free-living ciliates (and other Protozoa) may become adapted 
to a parasitic existence. This attitude is illustrated by the following remark 
of Hartmann and Schilling (1917): “Vermutlich handelt es sich...um ein 
gelegentliches parasitares Vorkommen einer fiir gewéhnlich freilebenden Art.” 
One of the difficulties in estimating the value of such views is that very little 
is known regarding the ability of ciliates to pass unharmed through the 
mammalian alimentary canal or of their capability for living in faecal matter 
already discharged, though many ciliates are known to thrive in various kinds 
of decomposing organic matter. 
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A ciliate having been discovered in canine faeces under circumstances 
similar to those in which “ Uronema caudatum”’ was found, it was decided to 
investigate this question more thoroughly, and to determine as far as possible 
the conditions under which ciliates are capable of living in faecal matter. 
Furthermore, as this ciliate, which belongs to the genus Lembus, was found 
to be very similar to some of the forms described as ““Uronema caudatum,” 
an opportunity was afforded for comparing my results with those of Martini 
and Yakimoff. One of the greatest difficulties in this connection was the fact 
that the description of the ciliates given by these authors is so incomplete 
and so obviously incorrect that they cannot with absolute certainty be iden- 
tified with any known genus or species, so that had they been genuine parasites, 
we should still be in ignorance as to their exact systematic position. A careful 
perusal of the records of these authors soon convinced me that the ciliates 
described as “ Uronema caudatum” belonged to at least two different genera, 
the one probably Lembus, and the other either Cyclidium, as already suggested 
by Dobell (Dobell and O’Connor, 1921), or Uronema. Accordingly the work 
was planned to include observations on representatives of the last two genera. 

At the very commencement, I was confronted with the difficulty of de- 
termining the exact systematic position of the three ciliates at my disposal, 
for my own observations led me into disagreement with the accepted definition 
of the species to which they apparently belonged. The extensive literature 
on the subject, dating from O. F. Miiller’s work in 1773, is full of contradictions 
and inaccuracies, while the various classifications adopted still further tend 
to confuse the issue. Since the existing data could afford no definite criteria 
for an exact identification of the ciliates under consideration, it was evident 
that there was need of an independent investigation, together with an ex- 
haustive critical examination of previous records, a task which has led to 
a more or less complete revision of these ciliates, as regards their general 
morphology, affinities and classification. Under the circumstances, this was 
unavoidable, and has resulted in the purely morphological and systematic 
aspects of the investigation occupying the greater part of this paper, which 
was originally intended to deal primarily with biological problems, with 
special reference to the coprozoic habits of these ciliates. 

It is well known that our knowledge of the morphology and systematics 
of the class Ciliata is very confused and lacks uniformity. Though recent 
investigations of a comparatively small number of forms have resulted in 
advances in our knowledge of their minute structure and biology, the majority 
of ciliates have never been re-examined in the light of modern knowledge 
and by the latest methods. Most of the information concerning them has to 


be sought in the older treatises and text-books by Stein, Biitschli, Schewiakoff, 


Roux and others, and amongst the original papers of the last century. How- 
ever great the value of these works may be, the statements they contain 
cannot be accepted without reserve by the modern worker. It is hoped that 
the account of the investigation detailed in this paper will provide a correct 
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and recognisable description of at least one small group of closely allied species, 
based on personal observations, together with a critical account of the literature 
on the subject. Such a procedure is very desirable, since it is only by investi- 
gations of small groups or even individual species that gradually a complete 
revision of the whole class will be attained, a task which in these days is 
quite beyond the powers of any single individual. 


II. Meruops or INVESTIGATION. 


Before proceeding with the description of the ciliates dealt with in this 
paper, a few remarks regarding the methods employed in examining and 
maintaining them will not be out of place. Though the general technique 
used for the examination of ciliates is well known, the suitability of the 
individual methods varies very much with the particular organism under 
observation. Considerable difficulty has been experienced in selecting the 
methods to meet the different requirements. In fact, even those methods 
which were found to be generally satisfactory varied in their effect with the 
physiological state of the ciliates and other factors which cannot be easily 
determined. 

The ciliates were examined as far as possible in the living condition. By 
this method of observation it was sometimes easy to make out the most 
important features of their structure, especially in the case of Cyclidium and 
Uronema, which remain perfectly motionless for long periods, and are not 
disturbed even when the oil immersion is applied. On the other hand, the 
species of Lembus observed was never quiescent, unless it was compressed 
by the coverslip, when it presented a distorted appearance. The living ciliates 
were in most cases examined in their natural medium, but sometimes vital 
stains were employed to bring out the structure of the nuclei, the best results 
having been obtained with neutral red (about 1 : 2000) and Bismarck brown 
(1 : 3000), the latter imparting a light yellow tinge to the cytoplasm in 
addition. 

Good results were also obtained by killing the ciliates with osmic vapour 
(30-60") with or without subsequent treatment with sodium carbonate. The 
latter method, which was recommended by Schewiakoff, is very useful for 
demonstrating the various ectoplasmatic structures. As it is not commonly 
known, a translation of the original paragraph from the Russian may be of 
interest. 


The infusoria placed in a drop of water on the slide are fixed with the vapours of osmic 
acid (1 per cent.). Then 1-2 drops of a weak (2-4 per cent.) solution of soda are added to 
the drop and carefully mixed with it, after which the slide is left uncovered for }—} hour. 
The water evaporates, the solution of soda becomes more and more concentrated and 
gradually dissolves certain albuminous compounds, bringing out in special relief the ecto- 


plasm, cilia and other ectoplasmatic structures. (Schewiakoff, 1896, p. 18.) 


The same purpose is served by the use of Weigert’s iodine, a trace of 
which, mixed with a drop of the fluid containing the ciliates, kills them in- 
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stantaneously without any external distortion. This reagent acts more rapidly 
than osmic acid and is less troublesome to handle. It has, however, the 
disadvantage of distorting the macronucleus. The methods described above 
are, of course, only for temporary observation, although a preparation treated 
with osmic acid or iodine remains serviceable for several days. 

For permanent preparations several methods of fixation (Schaudinn’s fluid, 
Dobell’s modification of Bouin’s picro-formol, Flemming’s fluid, etc.) and 
staining were tried. Though most of them were sufficiently satisfactory for 
demonstration of the inner structures, the majority failed to bring out satis- 
factorily the external features. The best results were obtained by fixation 
with Flemming’s fluid (1 grm. osmic acid in 50c.c. aq. dest., mixed with 
187-5 c.c. of 1 per cent. aqueous solution of chromic acid, to which 12-5 c.c, 
glacial acetic acid are added), which was allowed to act on films containing 
ciliates for } to 1 hour. After this the films were washed for at least two 
hours in running tap water and transferred into 70 per cent. alcohol. The best 
staining results were obtained with Dobell’s alcoholic haematein (1 per cent. 
solution of iron alum in 70 per cent. alcohol is used as a mordant, and a 
similar alcoholic solution of haematein for staining, differentiation being 
carried out either in the alum solution or in slightly acidulated alcohol). The 
~ coverslips were kept in the mordant for 10 minutes, then washed in alcohol, 
and stained for 10 to 15 minutes. Differentiation has to be carried out until 
the macronucleus loses most of the stain, the results being sometimes almost 
perfect as regards the appearance of the cilia, their points of attachment, 
the membranes and peristome. This method was particularly suitable for 
Lembus, but was not so satisfactory for the other two species. In the case of 
Cyclidium, the only means by which a satisfactory picture of the membrane 
could be obtained was by mounting the stained film in glycerine, the index 
of refraction of which rendered this structure quite distinct. Various counter- 
stains were also used, without, however, appreciably improving the results. 

One of the most interesting methods employed with success was the one 
introduced by Bresslau (1921) for simultaneous fixation and staining of 
ciliates. There are two solutions, either of which may be used for staining. 
The one is named “‘Cyanochin” and consists of 3 parts china-blue + 1 part 
cyanosin, both in saturated aqueous solutions. The other is a mixture of 
* Phloxinrhodamin” (6-5 per cent. solution) and “Opalblau” (10 per cent. 
solution) in the proportion of 4-6 drops of the former to 1 c.c. of the latter. 
Both solutions are used in the same way. A drop of fluid containing the 
ciliates is placed on a slide and a small drop of stain is added to it. The two 
are carefully mixed and spread over the slide in a thin film. The slide is 
then dried in the air and may be left unmounted or mounted in Canada balsam. 
In ciliates treated by these methods the stain is deposited in all the depressions 
and around all the appendages, such as the peristome, cilia and their points 
of attachment, bringing them out in relief and permitting observation of their 
exact outlines, arrangement and number. Bresslau’s method affords a valuable 
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means not only for determining the exact arrangement of the peristome and 
ciliary apparatus, but also for estimating the absolute number of cilia and 
ciliary rows, especially in forms with a scanty ciliation, like those described 
in this paper. This method thus furnishes precise criteria for the determina- 
tion of a number of important morphological characters and may be of service 
for the classification of ciliates. 

As regards the methods of cultivation, it is only necessary to mention in 
this place the media employed for maintaining the strains of ciliates, since 
the faecal cultures will be dealt with in detail in Part V. The three species 
of ciliates were kept in “pure” culture, 7.e. each strain contained but one 
species of ciliate. No attempt was made to exclude other Protozoa (viz. 
coprozoic flagellates and amoebae, which occasionally found their way into 


. the cultures) while the bacterial flora was necessarily mixed. The media used 


were as follows: (1) boiled hay infusion, (2) Locke’s solution to which the 
white of an egg was added (1 egg per litre of solution), (3) suspension of 
human or animal faeces in boiled water. The above media were usually 
distributed in test-tubes, serum-bottles or glass jars. Cultures were also 
grown in Petri dishes on (4) modified Musgrave and Clegg’s agar medium 
(agar-agar 25 grm., sodium chloride 0-5 grm., “Lemco” beef extract 0-5 grm., 
aq. dest. 1000 c.c.). After solidification of the agar, a small amount of boiled 
water—sufficient to form a thin film above the medium—was added to the 
plate. 


The ciliates grew very well in all these media, but the last two were used 
most extensively and served to maintain the strains for over two years. 
Further particulars regarding the conditions of growth in cultures will be 
discussed in Part V. 


III. Systematic AccouNT OF THE CILIATES. 


1. Lembus pusillus Quennerstedt, 1869. 


Synonyms: Lembus subulatus Kent, 1881. 
? Ctedoctema acanthocrypta Stokes, 1884. 
Anophrys sarcophaga v. Rees, 1884 (nec Cohn 1866). 
? Cyclidium glaucoma Gourret et Roeser, 1886 (pro parte). 
Lembadion ovale Gourret et Roeser, 1886. 
Uronema marinum Mobius, 1888 (nec U. marina Dujardin, 1841). 
Lembus sarcophaga Hamburger et Buddenbrock, 1911. 
Lembus sarcophagus Wallengren, 1918. 
? Lembus sarcophaga Lepgi, 1926. 
Lembus Moebii Kahl, 1926. 
? Ctedoctema ovalis Kahl, 1926. 


Diagnosis. 
Length 24-37; breadth 9-6u~20-84. Body elongated ovoid, gradually 
narrowing anteriorly. Anterior end slightly bent to the right and dorsally. 
Peristome large, starting near anterior end and extending on the ventral 
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surface beyond middle of the body, where it bends to the right and is pro- 
longed into a vestibulum. Two subtriangular undulating membranes attached 
to right border of peristome and terminating at the bottom of the vestibulum. 
Cilia long, arranged in 12 longitudinal rows, each composed of 25-26 cilia, 
The four ventral rows unite anteriorly above the peristome, the remaining 
eight stop short, leaving a naked area at the apex. One long caudal seta 
attached to posterior end of body. Macronucleus spherical, accompanied by 
single micronucleus, in anterior third of body. Contractile vacuole in posterior 
end. Cysts ovoid, measuring from lly x 9 to 24 x 16. Habitat: fresh 
water and sea water. Food: bacteria. 


Classification and History. 


The number of species of Lembus (Pleuronemidae, Holotricha) described 
up to the present is 15. If the differences in structure which have been 
described as a result of inaccurate and incomplete observations are eliminated, 
these “species” can be divided into two groups, the one containing short 
ovoid ciliates measuring at the most 40, and the other—ciliates with an 
elongated lancet-shaped body and a slender “neck,” measuring from about 
70 to over 100 in length. As will be shown below, L. pusillus is the only 
representative of the first group, whilst all the long forms are also regarded 
at present as constituting a single species, L. elongatus. The synonyms of 
the latter are fully recorded by Hamburger and Buddenbrock (1911), and its 
status discussed in detail by Wallengren (1918), to whose works the reader 
is referred for further information. 

Lembus pusillus, first described and named by Quennerstedt (1869), was 
the second species to be included in the genus created three years earlier by 
Cohn (1866). The shape of this ciliate is described by Quennerstedt as elon- 
gated ovoid, pointed anteriorly, and possessing a narrow peristome extending 
from the anterior end of the body to about its middle. Along one of the 
margins of the peristome there runs an undulating membrane, and the presence 
of a second membrane lying anteriorly to this is also suggested by the author. 
The length of this ciliate is given as 27y to 404. From Quennerstedt’s account 
this ciliate can be easily recognised, though he had overlooked the presence 
of a caudal seta and had represented the ciliation incorrectly, an error which 
is shared by most of the earlier observers. This species was later recorded 
by Kent (1881) under its proper name and also as a new species, L. subulatus, 
which does not differ in any essential points from the true species. The 
measurements of both fall within the same range (28 to 40u for L. pusillus, 
and 33q for L. subulatus), and the general structure corresponds with that of 
Quennerstedt’s species. Kent, however, failed to recognise the presence of 
a second membrane, although it is indicated by what he terms a “fringe of 
adoral cilia” running along the second margin of the peristome, and depicted 
in his figure of L. subulatus. This name thus becomes a synonym of L. pusillus. 
This species was found by Quennerstedt and Kent in sea water and is described 
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as a purely marine form by all subsequent authors, except Maupas (1883), 
who remarked that “cette forme [L. pusillus'] décrite...seulement comme 
espéce marine, se retrouve ici 4 Alger 4 la fois dans l’eau douce et |’eau de mer.” 
Maupas’ statement is of considerable interest, since it throws light on the 
origin of the ciliate observed by myself. A year later Stokes (1884) described 
under the name Ctedoctema acanthocrypta a ciliate which bears a strong re- 
semblance to L. pusillus. Biitschli (1889) and Schewiakoff (1896) regarded 
it as a Cyclidium, while recently Kahl (1926) has again assigned to it an 
independent position. In shape and size (25-4) it is comparable with 
L. pusillus. Like the latter, it has a narrow, long peristome, and bears along 
its margins what can only be interpreted as two undulating membranes, 
though Stokes described them as two rows of large, densely set cilia dimin- 
ishing in length posteriorly. This gradual shortening of the membranes 
towards the mouth is characteristic of all species of Lembus. A caudal seta 
is also present, and the arrangement of the macronucleus and contractile 
vacuole is like that in L. pusillus. The ciliate was described by Stokes in two 
papers. In the earlier one (Stokes, 1884) the similarity to Lembus is referred 
to in the following terms: “If they [the daughter individuals of a dividing 
Ctedoctema] and the systematist have a temporary encounter, what would 
he do with them? Would each be a fresh-water Lembus?” and in another 
paragraph: “‘the animal presents a striking resemblance to Pleuronema and 
Cyclidium. Indeed we have only to imagine the former as having divided its 
hood-like velum [?.e. undulating membrane] longitudinally...when the re- 
sultant creature would bear a strong likeness to Ctedoctema.” The last state- 
ment could be applied more appropriately to Lembus, since the two undulating 
membranes constitute the main character distinguishing it generically from 
Pleuronema and Cyclidium, and incidentally it lends support to my interpreta- 
tion of the two ciliary fringes of the peristome in Ctedoctema as undulating 
membranes. It is, therefore, quite probable that Ctedoctema acanthocrypta is 
identical with L. pusillus, in which case it would be the second instance of a 
fresh-water Lembus. It may be mentioned that in a later paper Stokes (1888) 
repeats his description of C. acanthocrypta, but omits all reference to Lembus 
and Cyclidium. Another ciliate indistinguishable from L. pusillus was de- 
scribed by van Rees (1884). This form measured 24-32 and was provided 
with two undulating membranes (“pseudomembranes”) and a caudal seta. 
Van Rees called his ciliate Anophrys sarcophaga, identifying it with the form 
to which this name was given by Cohn (1866). It is very doubtful, however, 
if Cohn was dealing with the same ciliate as van Rees, and it can hardly be 
identified with L. pusillus as at present known. Cohn’s A. sarcophaga measures 
60 x 15m; it resembles L. pusillus in the general shape of the body, in the 
possession of a caudal seta, and the position of the contractile vacuole, but 
differs markedly in the structure of its buccal apparatus. The cytostome, or 
peristome (it is not clear to which of these the author refers in his text and 


1 Not L. elongatus, as erroneously stated by Schewiakoff (1896). 
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figures), is situated in the anterior half of the body and has the outline of a 
small oval, whereas in all the species of Lembus there is a distinct peristome 
extending from the anterior end to or beyond the middle of the body. The 
membranes characteristic of Lembus are absent, but a very long ‘“‘ Wimper- 
biischel...welches den Anschein einer flimmernden Membran gewihrt”’ is 
given off from the buccal cavity. This tuft of cilia cannot, however, be com- 
pared to the membranes of a Lembus without considerably straining the inter- 
pretation of the author’s own account. It must also be noted that the 
description of Anophrys sarcophaga appears in the same paper in which Cohn 
founded the genus Lembus and gave a description of L. velifer (= L. elongatus) 
in which all the essential characters of the genus are represented. Since 
L. pusillus and L. elongatus differ from each other only in relative dimensions 
but not in structure, it is hardly conceivable that Cohn could have overlooked 
the similarity between the latter species and Anophrys sarcophaga, if it actually 
existed. In view of these facts, neither van Rees’ Anophrys sarcophaga nor 
L. pusillus can be identified with Cohn’s species. Another ciliate corresponding 
closely to L. pusillus was described by Gourret and Roeser (1886) as Lembadion 
ovale. It has an ovoid body, a narrow peristome (‘‘fossette buccale’’) ex- 
tending beyond the middle of the body, and bears two undulating membranes 
(one of which is referred to as a row of special cilia) and a caudal seta. The 
membranes have the characteristic subtriangular shape of those in Lembus. 
Another point of similarity to this ciliate is afforded by the presence of a 
so-called “pharynx” (= vestibulum). Biitschli (1889) and Schewiakoff (1896) 
regarded Lembadion ovale as a Plewronema, but there seems to be no evidence 
to support their view; on the other hand, its resemblance to L. pusillus is so 
striking that I have no hesitation in regarding it as the same organism. It is 
likewise probable that Gourret and Roeser (1886) have included L. pusillus 
in their description of Cyclidium glaucoma, which in two of the figures (Lc. 
Pl. XXIX, figs. 11, 12) is depicted with a peristome and membrane (-s?) 
peculiar to the former. The ciliate recorded by Mébius (1888) as Uronema 
marinum is also regarded by some authors as L. pusillus, and this is most 
probably the correct interpretation. ZL. pusillus was again described by 
Schewiakoff (1896) and by Calkins (1902), who added nothing new to previous 
accounts, except that Calkins provided a more correct figure of this ciliate. 
Hamburger and Buddenbrock (1911) in their monograph on marine ciliates 
made a retrogression in breaking up this species into two—L. sarcophaga, 
identified with Anophrys sarcophaga, as recorded by Cohn and by van Rees, 
and L. pusillus, with Kent’s L. subulatus as a synonym. It is not apparent, 
however, that these authors made an independent study of this ciliate, as its 
description appears to be compiled from the accounts of previous observers. 
The most satisfactory study of L. pusillus was recently published by Wallen- 
gren (1918), who unfortunately also revived Cohn’s Anophrys sarcophaga, 
amending it to L. sarcophaga, which, for the reasons given above, appears to 
be untenable. To Wallengren belongs the merit of establishing beyond doubt 
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the true arrangement of the two undulating membranes in this species. The 
most recent contributions to this question were made by Lepsi (1926) and 
Kahl (1926). Both these authors were apparently in complete ignorance of 
Wallengren’s work and have only added to the confusion already existing in 
the nomenclature and structure of this ciliate. Lepsi (1926) describes under 
the name L. sarcophaga a ciliate similar to L. pusillus, but with one membrane 
(“Pseudomembran”’) and the body pointed at the posterior end instead of 
being rounded. He, however, gives a recognisable description of L. pusillus 
under its correct name. His L. sarcophaga, only isolated individuals of which 
were seen, may possibly represent an individual variation of L. pusillus, in 
company with which it was found. Kahl (1926) found a ciliate which he 
identified with van Rees’ Anophrys sarcophaga and Mobius’ Uronema marinum 
and which, to judge from the brief description and figures, is really Lembus 
pusillus. For some obscure reason and in contravention of all accepted rules, 
Kahl labelled it with a new name: Lembus Moebii. He also founded a series 
of other new species of Lembus, but their relation to this genus is very doubtful. 
A species of Ctedoctema, C. ovalis, described by this author, seems to be as 
closely related to L. pusillus as the species recorded by Stokes and mentioned 
above (p. 161). 

All the valid synonyms of L. pusillus are given at the beginning of this 
section. 

Description. 

Lembus pusillus varies considerably in size, according to the conditions 
under which it is observed. In a normal culture, with abundant food, the 
ciliates measure from 24 to 37 in length and from 9-6 to 20-8 in breadth 
(at the widest part), the average dimensions being 31-6 x 16-64. Under 
unfavourable conditions, such as obtain in old cultures, in which food has 
become scarce and the majority of individuals have encysted, the active 
ciliates may become reduced in size to 18 or 15y in length (PI. IX, figs. 13-16). 
In shape the body is roughly elongated ovoid or pyriform, gradually narrowing 
anteriorly, and is slightly asymmetrical. When viewed from the dorsal or 
ventral surface, the anterior end is seen to be slightly turned to the right 
(Pl. XIII, fig. 84; Pl. IX, figs. 2, 6), and a lateral view shows that this end 
is also somewhat bent dorsally (Pl. IX, figs. 4, 5, 11). The body does not 
appear to be flattened in any direction, as maintained by some observers, 
optical and actual transverse sections through any part of the body being 
almost circular (PI. IX, figs. 17-20). The peristome is on the ventral surface, 
commencing at a short distance from the anterior extremity and extending 
beyond the middle of the body. It occupies about half the length of the body, 
and has the outlines of an irregular narrow ellipse, its borders being curved 
to the left and the posterior end turned to the right (Pl. XIII, figs. 84, 85; 
Pl. IX, fig. 3). The main part of the peristome is formed by a shallow de- 
pression (PI. IX, figs. 17-20) which is somewhat deeper along its right border 
(Pl. XIII, fig. 84); at the posterior end it sinks into the body in the form of 
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a funnel-shaped or tubular invagination leading to the cytostome. This 
portion of the peristome at first turns to the right, then abruptly to the left 
(Pl. IX, figs. 1-5, 7-9). 

The majority of previous works convey a wrong impression of the shape 
and structure of the peristome, which is usually described as a narrow furrow 
or groove, whereas its tubular prolongation has been almost entirely over- 
looked, only a few authors referring to it in a casual manner as “ pharynx” 
(Fabre-Domergue, 18851; Gourret and Roeser, 1886; Mébius, 1888, and Lepsi, 
1926). This part of the peristome could be interpreted as a cytopharynx only 
if it were demonstrated that the cytostome was situated at its anterior opening, 
but actually there is no sign of a circumscribed oral aperture at this end, which 
represents the beginning of the funnel into which the peristome and both 
undulating membranes are continued. The membranes terminate at the 
bottom of the funnel, where the primary food vacuole is formed and which is 
presumably the site of the cytostome. This funnel can thus be regarded as 
the covered-in part of the peristome (PI. LX, figs. 2-4, 7) and is comparable 
in all respects with the vestibulum of some Heterotricha and Peritricha, by 
which name it will be referred to. Biitschli (1889, p. 1357) expressed a similar 
view in the following terms: “so kénnen wir bei den Pleuroneminen...als 
Schlund nur eine grubenfoérmige Einsenkung am Hinterende des Peristoms 
bezeichnen.”’ 

Lembus pusillus, in common with L. elongatus, is provided with two undu- 
lating membranes running parallel to each other along the entire right margin 
of the peristome (PI. LX, figs. 4, 7-9). On reaching the posterior end of the 
peristome, both membranes pass down into the vestibulum terminating at 
the orifice of the primary food vacuole. The bases of the membranes can be 
distinguished with ease in stained specimens viewed from the ventral or dorsal 
surface (Pl. X, figs. 21, 22), and their mutual relation and attachment to the 
peristome is visible in optical transverse sections (Pl. IX, figs. 17-20). In 
such sections it is seen that the membranes run along both sides of the vesti- 
bulum, which is only slightly wider than the space dividing them (PI. IX, 
figs. 17-20). They are attached to the right side of the peristome at a fairly 
acute angle, and when viewed from the ventral surface (Pl. IX, figs. 2, 3) or 
with the long axis directed towards the observer (Pl. IX, figs. 18-20) they 
appear to project over the peristomial cavity in the form of a double awning, 
the outer membrane covering the inner one. The shape of the membranes is 
subtriangular, the widest part of both being at the anterior end, whence they 
gradually diminish in breadth posteriorly (Pl. [X, figs. 5, 7). The upper margin 
of the outer membrane is shorter than that of the inner one and forms an 
obtuse angle with the anterior margin, whereas the inner membrane is rounded 
anteriorly. On account of this difference in shape, the anterior part of the 
inner membrane protrudes beyond the outer one (Pl. IX, figs. 2, 4, 10). It 
should be noted, however, that the appearance of the membranes in prepara- 


1 In L. striatus (=L. elongatus). 
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tions may vary according to their state of expansion at the time of fixation. 
In well-stained ciliates, as also in those killed with osmic acid or iodine, it is 
easy to distinguish the transverse striation of the membranes due to the row 
of closely set fibrils of which they are composed. As is known, these are 
homologous with cilia, and in some fixed specimens the membranes may 
become split transversely into several portions (Pl. IX, figs. 1, 4), but I have 
never observed their disintegration into separate cilia, as described by some 
authors. 

There has been considerable discrepancy in the accounts regarding the 
number, arrangement and structure of the membranes in Lembus. Many 
observers failed to recognise them as special organs and referred to them as 
pseudomembranes or rows of specially thick and long cilia. Both membranes 
were described as such by van Rees (1884), Hamburger and Buddenbrock 
(1911) and Lepsi! (1926); others stated that there was one true undulating 
membrane and one pseudomembrane (Kent, 1881; Stokes, 1884, 1888; Gourret 
and Roeser, 1886, and Lepsi?, 1926); two true membranes were recognised 
by Biitschli (1889), Schewiakoff (1896), Calkins (1902), Wallengren (1918) and 
Kahl (1926); others again distinguished only one membrane (Mébius, 1888, 
Smith, 1899). The majority of observers believed that the membranes were 
attached one to each lateral margin of the peristome, but Quennerstedt (1869) 
had already suspected that one of the membranes occupied a position interior 
to the other, on the same side of the peristome, and probably Gourret and 
Roeser (1886) also observed the same arrangement in L. intermedius, in which 
an undulating membrane was described on the left margin, and a row of cilia 
along the bottom of the peristome. Wallengren (1918) was, however, the first 
to demonstrate the correct relations beyond doubt. Though it is not sur- 
prising that the nature of the undulating membranes was not realised by 
most of the earlier investigators, its misinterpretation by modern observers 
is more difficult to explain. In this connection a recent paper by De Morgan 
(1926) may be mentioned. This author describes the membranes of L. elongatus 
(which are similar to those in our species) as follows: “Both margins [of the 
peristome] carry a row of exceedingly fine, closely set cilia.... Under low power 
they appear like membranes, and have been described as such. Under an 
immersion objective they are resolved into the component cilia.” Referring 
to the outer membrane he says that “ Wallengren believed [it] to be a true 
membrane, and not a row of free aggregated cilia, since he never saw it re- 
solved into its component cilia.” That Wallengren (1918) was aware of the 
fact that the membranes in Lembus can be optically resolved into their con- 
stituent parts is obvious from the following sentence: “‘Zwar ist sie, wie die 
undulierenden Membranen bei den Infusorien iiberhaupt, von feinen zilienihn- 
lichen Constituenten zusammengesetzt,” but, as has been my experience, he 
did not encounter any individuals in which the membranes were broken up 
into independent cilia. But even such a temporary disintegration would in 


* In L. sarcophaga. 2 In L. pusillus. 3 In L, ornatus. 
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no way invalidate the accepted interpretation of the undulating membranes 
in ciliates, as De Morgan would have it. It has long been recognised as an 
established fact that undulating membranes, as well as membranellae, cirri 
and other organs of locomotion in ciliates, are derived from cilia combined 
in various numbers and in different ways to form specialised organs which 
can optically and mechanically be resolved into their component cilia. As 
established already by Maier (1903), the undulating membrane corresponds 
with one or more rows of closely set cilia, each provided with its own basal 
granule and all embedded in a common matrix to form a structure functioning 
as an independent organ. This matrix is probably homologous with the fused 
pellicular sheaths which, according to some authorities, form the outer part 
of a cilium, the fibrils of the membrane thus corresponding only with the 
axial filaments of the cilia (cf. Schuberg, 1905). The independence of the 
membrane as an organ is further revealed by the presence of a so-called 
“ Basallamelle” running along its base. This structure serves to support all 
the specialised locomotor organs named above, but is absent in the case of 
separate cilia. The capability of membranes to split up into their component 
fibrils and to reorganise the membrane again is also a well-known fact, and 
has been especially convincingly demonstrated recently by Chambers and 
Dawson (1925). In view of these facts De Morgan’s views cannot be seriously 
entertained. 

De Morgan (1926) further stated that the two undulating membranes (to 
give them the correct designation) of L. elongatus were so arranged that one 
was on each peristomial margin, though Wallengren (1918) had demonstrated 
in a very clear manner that, as in L. pusillus, both membranes run along the 
right side only. Unfortunately De Morgan has entirely misunderstood this 
author’s words. He interprets Wallengren’s statement regarding the absence 
of a membrane on the /eft margin of the peristome as a denial of the existence 
of a second membrane altogether and attempts to argue away the evidence 
which Wallengren produced as to its existence on the right side, though this 
was demonstrated in a most convincing manner and is now fully borne out 
by the observations on L. pusillus here recorded. 

The cilia covering the body of L. pusillus, in common with those of other 
Pleuronemidae, are very scanty, but uniformly arranged. They are rather 
coarse and bristle-like and a characteristic feature is their length, which may 
equal half the breadth of the body. They are arranged in longitudinal rows 
running from one end of the body to the other, each cilium arising from a 
shallow pit on its surface. On treating the ciliates by Bresslau’s methods 
(see p. 158) it is possible to demonstrate not only the arrangement of the 
ciliary rows, but also their exact number and even the approximate number 
of cilia composing each (PI. XIII, figs. 82-85). These characters can be made 
out to a certain extent by other methods (Pl. IX, figs. 1-6, 12, 14, 17), but 
the results are less satisfactory. In L. pusillus there are 12 ciliary rows 
(Pl. XIII, fig. 84; Pl. IX, fig. 17), each consisting of about 25 or 26 cilia 
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(Pl. XIII, figs. 83, 85), their total number being approximately 300-312. At 
the posterior end of the body all the ciliary rows converge in a uniform 
manner (PI. IX, figs. 2, 4; Pl. XIII, fig. 85), but anteriorly the termination 
varies. The two rows separated by the peristome run parallel to its lateral 
margins and unite together in the form of an arch round its anterior end 
(Pl. XIII, figs. 84, 85; Pl. LX, figs. 2, 3). It must be emphasised here that, 
contrary to the accounts of most previous authors, there are no special cilia 
on the margins themselves, and the cilia which appear to fringe the left 
peristomial margin actually arise outside it from one of the ciliary rows just 
mentioned. The second pair of rows apparently also unite anteriorly, but the 
remaining eight stop short of the anterior end of the body, leaving a bare 
tonsure-like area at its apex (PI. XIII, figs. 82, 83; Pl. TX, fig. 6). This 
peculiarity, which may be of systematic value, is probably an adaptation to 
the burrowing movements of the ciliate to be described later, and has been | 
overlooked by all previous observers. From the preceding account it is also 
clear that the peristomial depression itself is devoid of cilia. From the posterior 
end of the body there is given off a particularly long cilium, or caudal seta, 
which is slightly thicker than the other cilia and about two and a half times 
as long (PI. LX, figs. 12-14). 

The data given by previous observers concerning the ciliation of L. pusillus 
vary considerably and are, with a few exceptions, inaccurate, the recorded 
number of ciliary rows either exceeding the actual number (Quennerstedt, 
1869; Gourret and Roeser, 1886) or falling below it (Wallengren, 1918; Lepsi, 
1926). Approximately correct estimates were given by Mobius (1888) and by 
Kahl (1926), who distinguished six rows on one side. According to the majority 
of authors the cilia are short and densely set (Quennerstedt, 1869; Kent, 1881; 
Gourret and Roeser, 1886; Calkins, 1902), Stokes (1884, 1888) and Wallengren 
(1918) being the only observers whose statements regarding their length and 
distribution correspond with the description given here. The only attempt 
to estimate the absolute number of cilia in L. pusillus was made by Lepsi 
(1926). According to this author their total number varies from 120 to 135, 
the number of rows being 6-9, with 15 cilia in each, although in his figure 
(lc. fig. O) there are actually not less than 20 cilia in a row, i.e. about the 
same number as was found during the present investigation. The presence 
of a caudal seta was overlooked by Quennerstedt, Kent, Schewiakoff, and 
Hamburger and Buddenbrock!. 

Turning now to the internal structure of L. pusillus, it is necessary to 
point out that this will be dealt with only to the extent necessary for a clear 
understanding of its general morphology and classification. The ciliate is 
provided with a single macronucleus and micronucleus, both of which are 
situated in the anterior half of the body, the micronucleus usually being 
somewhere near the macronucleus, but not necessarily in contact with it 
(Pl. IX, figs. 1, 4, 5, 7-9). The macronucleus normally lies not far from the 


1 In the species referred to as L. pusillus by the latter authors. 
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anterior extremity (PI. LX, fig. 1), but its position varies with the alterations 
in the shape of the body, when the ciliate forces its way among obstacles, 
When viewed under favourable conditions (in living or well-fixed specimens) 
the macronucleus appears to be perfectly spherical (Pl. IX, figs. 1, 6, 19), 
but in some preparations it may be elongated or irregular (PI. IX, figs. 4, 5, 13), 
the chromatin mass being sometimes contracted and detached from the 
membrane (PI. IX, figs. 7-9, 11). The dwarfed ciliates occurring in old cultures 
may exhibit hypertrophied or irregularly shaped nuclei (PI. LX, ‘figs. 15, 16). 
The micronucleus is spherical or ellipsoidal in shape. The structure of the 
nuclei calls for no special remarks, the macronucleus being composed of 
compactly packed minute chromatin granules and the micronucleus appearing 
to be homogeneous in ordinary individuals. The position of the macronucleus 
was more or less correctly described by the majority of observers, only van 
. Rees (1884) and Mébius (1888) attributing to it a position in the posterior 
half of the body, whilst Gourret and Roeser (1886) have most probably 
confused it with the primary food vacuole, a mistake which can easily be made 
in fixed specimens, as will be shown below. A single contractile vacuole is 
present at the posterior extremity of the body, usually nearer to the right 
side than the left (Pl. IX, figs. 3, 5, 6). Its position is practically the only 
point upon which all the earlier observers are completely in agreement. 

The endoplasm of this ciliate always contains a fair number of food 
vacuoles within which are remnants of food in various stages of digestion. 
Among these the primary or forming vacuole at the base of the vestibulum 
is especially prominent, since it is usually full of bacteria which, in the living 
animal, can be seen in active movement, and in stained preparations take up 
the stain so deeply that the vacuole with its contents may simulate a macro- 
nucleus (PI. LX, figs. 7-9). This has probably frequently led to error in the 
literature dealing with ciliates; it has almost certainly done so in the case 
cited above. 

I have not made a special study of multiplication in L. pusillus, but have 
been able to observe the main stages of division, which shows no peculiarities 
and can be followed in figs. 23-29 (Pl. X). It is interesting to note, however, 
that in individuals arising from recent division, which are naturally smaller 
than the full-grown ones, the peristome is practically as large as in the latter, 
extending almost to the posterior end of the body (PI. LX, fig. 7). It would 
thus appear that further growth is chiefly due to increase in size of the 
posterior half of the body. 

Although an exhaustive account of the process of conjugation does not 
enter into the plan of this work, a brief description of the phenomena ob- 
served will not be out of place, since practically nothing is known regarding 
conjugation in any species of Lembus. . 

The earliest record apparently belongs to Miiller (1786), who described 
and figured “double” individuals of Vibrio verminus (= L. elongatus). Eighty 
years later Cohn (1866) gave a figure of L. velifer (= L. elongatus) in conju- 
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gation, but erroneously described it as longitudinal division. After a lapse 
of another 60 years conjugation was again recorded by De Morgan (1926) 
and Lepsi (1926) for L. elongatus and L. pusillus respectively. Judging from 
the figures and descriptions of the earlier observers it would appear that the 
two conjugants in L. elongatus become attached at the middle of the body, 
leaving both ends free, the associated ciliates resembling the letter X. The 
only record for L. pusillus, by Lepgsi (1926), consists of the brief statement 
that the union is “lateral, jedoch bloss an kleinen Individuen zu beobachten.” 
It is evident therefore that the available data do not convey any idea even 
of the external phenomena accompanying conjugation in this genus. 

According to observations made during the course of this work, conju- 
gation in L. pusillus occurs in old cultures in which food has become scarce, 
the stimulus. being probably starvation, which, according to current views, 
is one of the necessary conditions for conjugation. The size of the individuals 
entering into the union was invariably below the average, and—to judge from 
the length of the peristome—they apparently represented young ciliates re- 
sulting from recent division. It was possible to obtain conjugation by placing 
one or two adult individuals in hanging drops and observing them in moist- 
chambers. Under these conditions the infusoria multiplied rapidly for three 
or four days and then entered into a short period of conjugation. The con- 
jugants lie side by side and are attached to each other by the extreme anterior 
ends of the body, leaving the rest of the body free (PI. X, figs. 30-33). The 
anterior ends, usually turned to the dorsal surface, become bent ventrally, 
and there is apparently a complete fusion at the points of attachment. 

The internal phenomena of conjugation show no special peculiarities in 
this species and can be described best by reference to the corresponding 
figures (PI. X). Fig. 30 shows the micronucleus of each conjugant in the 
prophase stage of the first division, and there are indications of a mitotic 
spindle, around the centre of which chromatin granules are visible. In fig. 31 
the first division is completed, each conjugant containing two micronuclei. 
These divide again (fig. 32), giving rise to four micronuclei (fig. 33). During 
these phases no changes are apparent in the macronucleus. Division leading 
to the formation of the “migratory” and “stationary” nuclei, and the actual 
process of fertilisation have not been observed, but a later stage is shown in 
fig. 34, in which the “fusion nucleus” or synkaryon is present, together with 
the degenerating remains of the three micronuclei left over from the second 
division, as also the macronucleus, which is now breaking up. At this period 
the conjugants are already disunited. In the ex-conjugants the “fusion 
nucleus” divides twice (figs. 35, 36), producing four new nuclei. The remains 
of the three old micronuclei are still visible in these stages, but all traces of 
the macronucleus ultimately disappear (fig. 36). Whether the new nuclei 
undergo any further divisions before entering the phase of reconstruction of 
the normal nuclear apparatus, and how this is effected, was not observed, 
the only stage relating to this phase being an ex-conjugant with two macro- 
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nuclei and one micronucleus (fig. 37). The process as described here appears 
to be similar to the type of conjugation in Colpidium colpoda and Leucophrys 
patula, as described by Maupas (1889). 

As has been stated already, L. pusillus appears to be pre-eminently a 
marine form, and has been found in sea water exclusively by most observers, 
only Maupas (1883) and, possibly, Stokes (1884) having recorded it from fresh 
water also. It is somewhat difficult to determine the natural habitat of the 
present strain, which was recovered from dog’s faeces, but as it developed 
in tap water with which the faeces were diluted and continued living in a 
fresh-water medium for over two years, it is safe to assume that it also re- 
presented a fresh-water form. There can be no doubt, however, that this 
strain of L. pusillus is capable of living in sea water also, a fact which has 
been established by gradually acclimatising the ciliates to pure sea water. 
Particulars of this and other experiments on the adaptation of ciliates to 
different concentrations of salts in the medium will be found in Part IV. 

L. pusillus appears to feed on bacteria exclusively and thrives especially 
well under conditions which favour an abundant development of these micro- 
organisms, as in faecal suspensions in which the strain was maintained. In 
such cultures the ciliates are found almost exclusively on the surface, where 
a bacterial film is formed, and so long as the food lasts they continue multi- 
plying until the whole surface presents a densely packed mass of ciliates 
entangled in the film. L. pusillus is a very active ciliate and never ceases to 
move entirely as Cyclidium or Uronema do. Its movements are fairly rapid 
and have been described by Wallengren (1918), to whose account I have 
nothing to add. ‘Die Schwimmbewegung dieser Art findet unter Drehung 
um die Lingsachse statt, aber gleichzeitig beschreibt das Vorderende des 
K6rpers gewohnlich eine weite Spirale....Das Hinterende dagegen macht keine 
grésseren Excursionen, sondern wird ziemlich geradlinig in der Mitte der 
Bewegungsspirale gehalten.”’ When moving about among the bacterial masses 
the ciliates push their way backwards and forwards, burrowing a passage 
with the anterior extremity. The body of L. pusillus is extremely flexible, 
the animal being able to pass through the narrowest openings and to turn 
about in confined spaces no larger than the body itself. In doing so, it becomes 
so distorted that it may be mistaken for a very active amoeba, but on reaching 
an open space it immediately reassumes its normal shape. Its method of 
burrowing through obstacles throws some light on the significance and probable 
origin of the naked spot at the anterior end of the body referred to above 
(p. 167). It is conceivable that a ciliated anterior end, which is constantly 
being rubbed against other objects, would be a disadvantage to the animal, 
and the disappearance of the cilia might be the result of adaptation to its 
peculiar habits. 

The undulating membranes of L. pusillus are in constant vibration, their 
primary function being apparently associated with the capture of food. Food 
particles driven through the deep cleft between the two membranes pass into 
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the vestibulum and thence into the primary food vacuole, but any particles 
finding their way into the peristomial depression are swept away. The course 
taken by the food particles can be observed in living specimens. In stained 
preparations a string of bacteria can be seen adherent to the whole length of 
the walls of the membranes, the peristome remaining free from them. 


Cyst formation. 

During the course of the work there was ample opportunity for observing 
the cysts of Lembus pusillus and the results obtained will be recorded here, 
since cysts have only once been reported for a member of this genus, and 
nothing whatever is known regarding their structure or the conditions under 
which they are formed. This is the more surprising as several observers 
(especially Wallengren, 1918) kept both L. pusillus and L. elongatus under 
observation for long periods of time under conditions which, in the experience 
gained here, would not have failed to induce encystment. The only possible 
explanation of this omission is that, with the exception of Maupas (1883) 
and myself, all previous observers dealt with marine forms, in which, as is 
generally assumed, cyst formation might be suppressed to a certain extent. 

In L. pusillus the formation of cysts can easily be observed both in faecal 
suspensions and on agar plates. In the former medium the ciliates usually 
began to encyst from four to seven days after inoculation, whereas in agar 
cultures encystment occurred after longer periods of time. 

As the ciliate proceeds to encyst its movements become slower and are 
usually limited to an oscillation about the long axis. The body shortens and 
becomes more regularly ovoid, whilst the edges of the peristome appear to 
come close together, concealing the greater part of the membranes. There is 
also a displacement of the macronucleus, which may occupy any part of the 
body, even a position behind the end of the peristome (PI. XI, figs. 38-40). 
The cyst when fully formed is almost regularly ovoid, its narrower end corre- 
sponding with the anterior end of the enclosed ciliate (Pl. XI, figs. 41-44). 
The dimensions of the cysts vary from Ilp x 9p to 24 x 16, according to 
the size of the ciliate at the time of encystation. The only previous record of 
cysts of L. pusillus (and for this genus in general) is by Lepsi (1926), whose 
description was limited to the statement that they were globular and had a 
wall measuring over ly in breadth. It may also be mentioned that Chatton 
(1913) referred to ellipsoidal cysts of Anophrys sarcophaga, but as no means 
of identifying this species were provided, it is impossible to tell whether he 
was dealing with L. pusillus or not, the author himself referring to it as 
“le cilié hétérotriche.” 

When first formed the cysts of L. pusillus are surrounded by a single- 
layered wall (Pl. XI, figs. 41-43), but later a second layer is added to it from 
within, the double wall thus being composed of an ecto- and endocyst (PI. XI, 
figs. 44, 53-55). The endocyst is distinctly thicker than the ectocyst, and is 
usually yellowish in colour, whereas the ectocyst is colourless. Double-walled 
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evsts have been described for a number of ciliates before (Auerbach, 1854; 
Prowazek, 1904; Goodey, 1913; Ilovaisky, 1915, 1925, 1926, etc.), and appa- 
rently represent the normal structure. In normal cysts the body of the ciliate 
is usually clesely applied to the wall (Pl. XI, figs. 41-43, 54, 55), but some- 
times it may be slightly detached (Pl. XI, fig. 44) or completely free. In the 
latter case (Pl. XI, fig. 53), it is seen that the body is enclosed in a close- 
fitting thin membrane, to which the name intimocyst was given by Ilovaisky 
(1925, 1926). 

It is commonly believed that all ciliates, when encysting, lose their ciliary 
covering and other ectoplasmatic structures, such as the peristome, undu- 
lating membranes, etc., and are transformed into spherical bodies in which 
only the nuclei and contractile vacuoles are discernible. As far as could be 
detected in L. pusillus, its ciliary covering is retained for a long time after 
encystment, for it was possible to detect the ciliary lines at least a fortnight 
after the cysts had been formed (PI. XI, fig. 41). Taking into account the 
rapidity with which the cilia reappear during excystation, it is conceivable 
that they never disappear entirely in cysts, but are merely withdrawn, in 
readiness to be brought into action as opportunity offers. The same remarks 
apply to the peristome and probably to the undulating membranes also. The 
former can be seen distinctly in cysts preserved for several months, as a narrow 
crescent-shaped band extending over the greater part of the surface of the 
body (PI. XI, figs. 41-46). As in the case of cilia, the membranes very soon 
become apparent during excystation. 

The position of the macronucleus in cysts varies, but usually it lies some- 
where near the middle of the body, and is accompanied by the micronucleus 
(Pl. XI, fig. 44). No visible changes could be observed in the appearance of 
the nuclei. The contractile vacuole remains active for a considerable period, 
but the rate of its pulsation gradually diminishes, the vacuole becoming con- 
siderably distended between successive periods of evacuation (PI. XI, figs. 
43, 45, 46). In older cysts which have already lost all their superfluous fluid, 
it may be impossible to detect the vacuole (Pl. XI, fig. 53). The endoplasm 
of the encysted ciliate usually contains various granular inclusions and small 
vacuoles. 

The double-walled cyst closely adhering to the body of the ciliate re- 
presents its final stage of development, in which it can remain for an indefinite 
period under favourable conditions. The most important requirement for the 
preservation of fully formed cysts appears to be the desiccation of the sur- 
rounding medium. In agar-plate cultures this is easily attained by gradual 
evaporation of the thin layer of water covering the medium, and finally of 
the moisture incorporated with the latter, until only a dry film of agar con- 
taining the cysts is left. In fluid cultures (faecal suspension) the cysts together 
with the solid particles floating on the surface were collected on strips of 
blotting paper and suspended in a flask, in which they were allowed to dry 
gradually. Cysts dried in the manner described retain their normal appearance 


( 

( 

é 
( 

( 

{ 

( 

( 

] 

( 

( 

{ 

] 

] 


C. A. HoARE 173 


for long periods, the encased ciliate undergoing no appreciable shrinkage even 
after six months’ desiccation (Pl. XI, figs. 54, 55). In a certain proportion 
of the cysts, however, the ciliate shrivels up into an irregular mass covered 
with numerous folds (Pl. XI, figs. 56-58). It was at first thought that such 
cysts represented normal stages in the process of drying up, but all attempts 
to induce their excystation failed and it became clear that the ciliates in them 
were dead, the protective properties of the cyst wall having been impaired 
and its contents mummified. The only cysts capable of further development 
are those in which the ciliate is regularly rounded, as described above. Such 
cysts can easily be induced to hatch by transferring them to tap water or 
fresh faecal suspension. Excystation takes place as readily in the case of 
cysts from a fluid medium, as in the case of those which have been left in the 
dry condition for six months", the only difference being the time required 
for excystation. In newly formed cysts excystation could be observed one 
or two hours after a drop of fresh fluid was added to them. In cysts dried 
for three months excystation took place in three hours, whilst in cysts pre- 
served in this state for about six months the ciliates were liberated in about 
12 hours. The first manifestation of excystation is observed in the contractile 
vacuole, which gradually increases in volume and begins to pulsate. In the 
case of cysts which had been preserved for short periods on agar plates and 
from which the contractile vacuole had not disappeared at any stage (Pl. XI, 
fig. 44), it commenced working immediately the cyst was brought into water, 
but in the case of cysts which had been subject to desiccation for nearly six 
months and in which the vacuole had disappeared (Pl. XI, fig. 53) 15 minutes 
elapsed before its reappearance (PI. XI, figs. 54, 55). The slit-shaped peristome 
could also be observed in the majority of the fresh and dried cysts (Pl. XI, 
figs. 41-44, 54, 55). It may be noted here that in some dry cysts it was possible 
to detect the external sculpture of the ectocyst consisting of meridional rows 
of papilliform tubercles (Pl. XI, fig. 52), the number and arrangement of 
which corresponded with the points of attachment of the cilia, impressions 
of which they evidently represented. After the reappearance of the con- 
tractile vacuole as just described, an undulating movement soon becomes 
apparent within the peristome, indicating the reconstruction of the undulating 
membranes. The body then gradually detaches itself from the cyst wall and 
the ciliate reassumes its normal appearance, though the body is bent on itself 
for accommodation to the limited space within the cyst. At this stage the 
membranes and the ciliary covering of the body are already quite evident. 
The ciliate now commences to rotate actively within the cyst and continues 
to do so until by extending its body it ruptures the double-walled cyst at some 
point. When this is effected, the animal gradually and with great difficulty 
works its way through the narrow opening and finally extricates itself entirely, 
leaving behind the empty shell of the cyst. The process of excystation can 
be followed in figs. 48-51 (Pl. XI), which, though relating to excystation from 
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secondary cysts to be described below, illustrate equally well the normal 
process, if the presence of the inner cyst is disregarded. It may be emphasised 
here that the point through which the ciliate escapes from the cyst is not 
predetermined. Any part of its surface may rupture, and there is no indication 
of the endocyst being “digested,” as described by Goodey (1913) for Colpoda 
cucullus and by Ilovaisky (1925, 1926) for Stylonychia mytilus. In L. pusillus 
the rupture of both layers of the cyst wall is brought about in a purely 
mechanical manner, as described above. The method of encystation and 
excystation as outlined above is peculiar to cysts preserved dry, desiccation, 
as already stated, being a necessary condition for their viability. On the 
other hand, in cysts formed and preserved in a fluid medium, a number of 
new phenomena are observed. For about two or three weeks after encystment 
in a fluid medium, such as faecal suspension, the cysts of L. pusillus retain 
their normal structure (PI. XI, figs. 41-44), but later they contract to a smaller 
volume (PI. XI, fig. 45) and the intimocyst becomes thicker (Pl. XI, fig. 46), 
until it is as thick as, and similar in colour to, the endocyst. The ciliate then 
again diminishes in volume and comes to lie free within this inner shell, its 
body acquiring a new intimocyst (PI. XI, fig. 47). At this period the secondary 
cysts, as they may be termed, are still viable and the enclosed ciliate may be 
induced to excyst in a drop of fresh fluid, the process of excystation being 
identical with that of the dried cysts, except that the ciliate has to rupture 
the inner cyst before it breaks through the outer one (PI. XI, figs. 48-51). 
Although usually excystation does not take place in the fluid in which the 
ciliates had encysted, this can be readily obtained between slide and coverslip, 
the pressure for some reason stimulating this process, as had already been 
noted by Cohn (1853) and Fabre-Domergue (1888). If the secondary cysts 
are left in the original fluid over three or four weeks after encystment, the 
body of the ciliate contracts further, gradually becomes irregular in shape, 
and at last disintegrates; breaking up into a number of globules and granules 
of varying size. Cysts of this type, 7.e. composed of one or two concentric 
shells within the primary cyst wall (ectocyst + endocyst) have been described 
by several authors, but interpreted in various ways. Phenomena similar to 
those recorded above were observed by Rhumbler (1888) in Colpoda, but this 
author believed that the breaking up of the ciliate within the inner cyst 
(“ Sporocystenwand”’) resulted in the formation of 20-30 spores, which, when 
liberated, passed through successive amoeboid and flagellate stages, finally 
giving rise to young ciliates. Fabre-Domergue (1888), whose observations on 
Colpoda were apparently made independently of Rhumbler’s, also noted the 
formation of supplementary cysts, but remarked that, when kept in the 
original fluid, their contents gradually broke up into granules. Cysts of the 
second, third and even fourth orders were recently observed by Sokolov (1917) 
in Gastrostyla steini, which normally forms single-walled cysts, but no par- 
ticulars regarding the conditions under which they occurred were given. 

The observations recorded for L. pusillus, Colpoda and Gastrostyla indicate 
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that a fluid medium is unfavourable to the preservation of cysts. The factors 
which cause the free ciliates to encyst apparently continue to exert their 
harmful effect upon the encysted ciliate, which reacts by encysting again, 
as it were, within the primary cyst. But as the secondary cyst also fails to 
protect the ciliate it finally succumbs to the action of the medium and disinte- 
grates by breaking up into granules. A somewhat similar interpretation of 
these phenomena had already been suggested by Fabre-Domergue (1888), 
though he thought that the body of the ciliate was used up in a process of 
“autophagie.” It is also evident that Rhumbler himself has revised his earlier 
views, for in a recent publication he (Rhumbler, 1923) omits all reference to 
spore formation in the description and figure of the multiple cysts of Colpoda. 
From observations on L. pusillus, I am inclined to endorse the view of 
llovaisky (1925, 1926), who maintained that cysts of the second order occur 
only exceptionally in ciliates and represent abnormalities. 

The réle of desiccation in the preservation of ciliate cysts was recognised 
by many observers (Rhumbler, 1888; Fabre-Domergue, 1888; Goodey, 1913; 
Bodine, 1923; Ilovaisky, 1925, 1926), but in the case of some ciliates the 
harmful influence of the fluid medium is not apparent, and the cysts remain 
viable for long periods of time, according to some authors (Auerbach, 1854; 
Cohn, 1853). 


2. Cyclidium glaucoma O. F. Miiller, 1773. 


Synonyms: Alyscum saltans Dujardin, 1841. 
Cyclidium glaucoma Claparéde et Lachmann, 1859 (pro parte). 
Pleuronema cyclidium Claparéde et Lachmann, 1859. 
Cyclidium claparedi Stein, 1860. 

citrullus Cohn, 1866. 
? Pleuronema (Alyscum) citriforme J 
Cyclidium citrullus Mereschkowsky, 1877. 
Cyclidium citrullus van Rees, 1884. 

? Cyclidium (Pleuronema) citrullus Mobius, 1888. 

Cyclidium glaucoma var. elongatum Schewiakoff, 1889. 

Pleuronema glaucoma Blochmann, 1895. 

nee glaucoma var. nanum \ Penard, 1922. 

Cyclidium versatile J 


Diagnosis. 

Length 14-4y-23-24; breadth 6-4-12-8u. Body ovoid, laterally slightly 
compressed; dorsal surface convex, with a notch at anterior end; ventral 
surface flattened. Peristome on the ventral surface, extending from anterior 
end to beyond middle of body and gradually widening posteriorly. Its left 
margin sinuous. Single large undulating membrane increasing in height 
posteriorly; attached to entire right peristomial margin and extending for a 
short distance along left margin. Cilia long, arranged in 10 longitudinal rows, 
each composed of 15-20 cilia. Ciliary rows converge posteriorly, but stop 
short of anterior extremity. One long caudal seta attached to posterior end 
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of body. Macronucleus spherical, in anterior third of body, with large micro- 
nucleus in contact with its anterior surface. Contractile vacuole in posterior 
end. Habitat: fresh and sea water. Food: bacteria. 


Classification and History. 


The genus Cyclidium belongs to the family Pleuronemidae (Holotricha) 
and is very closely allied to Pleuwronema from which, apart from dimensions, 
it can only be distinguished by the presence of a caudal seta. That this 
character is obviously an insufficient ground for separating the two types 
generically was already recognised by Blochmann, who suggested in the first 
edition of his text-book (Blochmann, 1886) that they should be united, whilst 
in the second edition he (1895) included Cyclidium in the genus Pleuronema, 
referring to the species under consideration as P. glaucoma. The same opinion 
was expressed in more definite terms, and apparently independently of 
Blochmann, by Svec (1897), according to whom C. glaucoma could not even 
be placed in a separate sub-genus, but represented merely a species of 
Pleuronema. Delage and Hérouard (1896) referred to Cyclidium as a “simple 
sous-genre” of Pleuronema, a position to which it was also assigned by 
Hamburger and Buddenbrock (1911). 

Though fully in agreement with these authors, I have left Cyclidium in 
its original position, the only reason for this being that I have had no oppor- 
tunity of verifying these statements by personal observation of Plewronema 
chrysalis. 

Up to the present there have been recorded at least 14 species of Cyclidium 
—C. glaucoma Miiller, 1773; C. citrullus Mereschkowsky, 1877; C. arboreum 
Kent, 1881; C. citrellus Kent, 1881; C. litemosum Stokes, 1888; C. heptatrichum 
Schew iakoff, 1893; C. hevepiansen Penard, 1922; C. versatile Penard, 1922; 
C. curvatum Mansfeld, 1923; and the following species described by Kahl 
(1926): C. flagellatum, C. libellus, C. oblongum, C. spirale and C. obliquum. 
Species which had already been discarded or transferred to other positions 
are omitted from this list, and of those named there are probably not more 
than five which are sufficiently well characterised to be accepted as valid 
species, namely C. glaucoma, U. citrullus, C. heptatrichum, C. lanuginosum 
and C. curvatum. These fall into two groups, one of which, including C. glau- 
coma and C. citrullus, contains forms uniformly ciliated and bearing one 
caudal seta, while the other comprises forms which are irregularly ciliated 
and have more than one seta. As this investigation only concerns C. glaucoma 
there is no necessity to deal any further with the second group. 

As regards C. glaucoma and C. citrullus, the only feature by which they 
can be definitely differentiated appears to be their size, the length of the 
largest C. glaucoma being below 28, and that of the smallest C. citrullus 
above this figure. It must be noted however, that even this distinction is 
not apparent in Pleuronema citrullus described by Cohn (1866), on which 
C. citrullus is founded, Schewiakoff (1889) being the first to provide a differ- 
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ential diagnosis of the two species in question. It is thus difficult to decide 
whether C. citrullus is actually an independent species or a larger race of 
C. glaucoma. In the meantime only such forms will be referred to C. glaucoma 
as correspond with it in size and structure. 

Cyclidium glaucoma was first described by Miiller (1773, 1786). It must 
be admitted, however, that the identification of the ciliate at present known 
by this name with Miiller’s species is based more on tradition than on actual 
evidence, since his description and figures can be applied with equal justifi- 
cation to a number of other ciliates. He has, however, correctly described the 
characteristic movements of this ciliate. Ehrenberg (1838) who was the next 
to record this species has probably intluded at least three different ciliates 
under this name [one of which (l.c. Pl. XXII, fig. 1, C) was probably a hypo- 
trichous ciliate]. As in the case of Miiller, none of Ehrenberg’s forms can with 
certainty be identified with C. glaucoma. Alyscum saltans, recorded by 
Dujardin (1841), provides the first recognisable description of C. glaucoma, 
its “‘cils retracteurs” being the first indication of the undulating membrane 
characteristic of Cyclidium. Claparéde and Lachmann (1859) were the first 
to describe the caudal seta (“soie saltatrice”) in C. glaucoma, but they in- 
corporated with this species Uronema marina, on the wrong assumption that 
its differentiation by Dujardin (1841) was based on the presence of a caudal 
seta alone. The undulating membrane is referred to by Claparéde and Lach- 
mann as a “soie” given off from the mouth. Another ciliate indistinguishable 
from C. glaucoma is described by them under the name Pleuronema cyclidium, 
and is accompanied by a figure which gives the first recognisable illustration 
of the species in question. A little later Stein (1860) correctly interpreted 
Claparéde and Lachmann’s buccal “soie” as a true undulating membrane. 
Stein, however, recognised the independence of their Plewronema cyclidium, 
to which the name Cyclidium claparedi was given. In both cases the separation 
from C. glaucoma was based on the presence of a tuft of cilia arising from 
the anterior end of the body and bent over the peristome (Stein interpreted 
this tuft as a second membrane). A similar tuft is, however, present in 
C. glaucoma. Under the name Pleuronema (Alyscum) citrullus (or citriforme, 
as its figure is labelled) Cohn (1866) described a form which differed from 
C’. glaucoma only in a narrower posterior end and was recognised by the 
author himself as belonging to the latter species pro parte. His name was, 
however, subsequently amended by other authors to C. citrullus, referred to 
above, but Cohn’s paper gives no indication of any difference in dimensions, 
which is the only point of distinction between this species and C. glaucoma. 
There is likewise no difference between the last-named species and that 
recorded by Mereschkowsky (1877) as C. citrullus. A number of ciliates of 
the genera Districha and Cyclidium described by Fromentel (1874) have also 
been incorporated with C. glaucoma by some authors, but there do not appear 
to be sufficient grounds for their identification. A fairly accurate account of 
this species was given by Kent (1881), although he misrepresented the arrange- 
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ment of the undulating membrane, as will be shown below. C. glaucoma can 
also be recognised in the forms recorded by van Rees (1884) and Mébius 
(1888) as C. citrullus, which do not differ from the former even in dimensions. 
Gourret and Roeser (1886) have evidently confused C. glaucoma with Lembus 
pusillus (cf. p. 162), only their fig. 1 (l.c. Pl. XXX) being identifiable with 
the former. A fuller account of the species of Cyclidium was given by 
Schewiakoff (1889, 1896), who was the first to provide definite criteria for 
the differentiation of C. glaucoma and C. citrullus (see p. 176). It is evident, 
however, that there are no grounds for the identification of Schewiakoff’s 
C. citrullus with Cohn’s Pleuronema citrullus, since, as was shown above, the 
latter is indistinguishable from C. glaucoma. It would, therefore, appear that 
the name of Schewiakoff’s species requires amendment. In his earlier paper 
Schewiakoff (1889) also described a variety, C. glaucoma var. elongatum, for 
which there does not appear to be sufficient justification, as he evidently 
realised himself in omitting it from his monograph (Schewiakoff, 1896). This 
variety was, however, recognised later by Roux (1901) and Hamburger and 
Buddenbrock (1911). Amongst later works the monograph by Penard (1922) 
may be mentioned. In it several new forms of Cyclidium are described, two 
of which, C. glaucoma var. nanum and C. versatile, do not differ in any respect 
from the type-species. The most recent contributions to the subject by 
De Morgan (1926) and Kahl (1926) have added nothing new to our knowledge 
of the species under consideration. 


Description. 

The strain of Cyclidium glaucoma at my disposal was obtained from a 
sample of water from an indoor water tank and was isolated in pure culture 
in a medium of faecal suspension and on agar plates, as described above. In 
these media it was maintained for about two years. C. glaucoma is a very 
small ciliate measuring from 14-4 to 23-2y in length, with a breadth of from 
6-4 to 12-84, and on the average about 174 x 10u. The form of the body 
may be described as irregularly ovoid with a distinctly convex dorsal surface 
and somewhat flattened ventral surface (Pl. XII, figs. 61, 63, 64), the body 
as a whole being slightly compressed laterally (Pl. XII, fig. 63). At the anterior 
end of the dorsal surface there is a distinct notch which gives this end a 
knob-like appearance characteristic of this species (Pl. XII, figs. 59, 61, 68, 70). 
The shape of the peristome and arrangement of the membrane render the 
body asymmetrical, otherwise it might be regarded as almost bilaterally 
symmetrical (Pl. XII, fig. 63). 

The ventral surface of C. glaucoma is occupied by a large and broad 
peristome extending from the anterior end to or slightly beyond the middle 
of the body, where it bends to the left. The anterior end of the peristome is 
its narrowest and shallowest portion, merging imperceptibly with the general 
surface of the body, whilst posteriorly it gradually widens and deepens 
(Pl. XII, figs. 63, 65; Pl. XIII, figs. 86, 87). The right peristomial margin 
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forms a simple curve, whilst the left one is more sinuous and has two distinct 
undulations. This ciliate possesses one well-developed undulating membrane 
which commences at the anterior end of the peristome, passes along its right 
margin, then bending round its semi-circular posterior margin extends for a 
short distance along the left margin (Pl. XII, figs. 59, 61, 62, 65, 66, 68-70). 
It is narrowest at the anterior end, gradually widening posteriorly until it 
reaches the turning point, whence it narrows abruptly to its termination on 
the left margin of the peristome. When fully expanded: the width of the 
membrane may be equal to half the breadth of the body (PI. XII, figs. 61, 
69, 70), its general appearance having been compared with a “sail,” “pocket” 
or “hood.” The cilia composing the membrane are very fine and closely set, 
and can be made out clearly in unstained specimens (PI. XII, figs. 62, 69, 70). 
As in Lembus, the cilia of C. glaucoma are very scantily arranged and their 
length is equal to about half the breadth of the body. They are disposed in 
ten shallow longitudinal furrows which pass from one end of the body to the 
other! (Pl. XII, fig. 67). Posteriorly the rows of cilia appear to converge, 
but anteriorly they end abruptly, leaving the foremost part of this end un- 
covered (PI. XII, figs. 61, 68; Pl. XIII, fig. 87). The number of cilia in each 
row could not be established with certainty, the nearest estimate being from 
15 to 20. In the anterior half of the body they are more closely set than in 
the posterior, and on the ventral side a special tuft of cilia protrudes into 
the peristome from the anterior end (PI. XII, figs. 61, 62, 69, 70), and appa- 
rently serves to drive the food into the peristomial cavity. There is some 
difference in the arrangement of the ciliary rows on the two sides of the body, 
due to the asymmetrical shape of the peristome. The cilia on the right side 
are but slightly curved, while those on the left are more arched (PI. XIII, 
figs. 86-88; Pl. XII, figs. 61, 64) as if influenced by the leftward bend of the 
posterior end of the peristome. This is especially marked in the case of the 
first ciliary row adjoining its left margin (Pl. XII, figs. 61, 63; Pl. XIII, 
fig. 86). It may be noted here that the peristome bears no cilia either on its 
left margin or on its surface. The posterior end of the body is provided with 
a caudal seta which is nearly as long as the body itself. 

With regard to the structure and nature of the undulating membrane in 
C. glaucoma the views of previous observers are more in accord than in the 
case of Lembus. Some of the older authors (Claparéde and Lachmann, 1859; 
Cohn, 1866; and Mébius, 1888) detected only its outline and described it as 
a long cilium or seta bent forwards?, though Cohn suggested it might be a 
“sail” (membrane). The true nature of the membrane was, however, soon 
realised, Stein (1860) being the first to point out Claparéde and Lachmann’s 
mistake. Until its revival by De Morgan (1926), whose peculiar views on 


* In specimens treated by Bresslau’s method the stain fills these furrows, obscuring the 
points of attachment of the cilia (Pl. XIIT, figs. 86-89). 

* In Claparéde and Lachmann’s account it is directed backwards, but these authors have 
inverted the accepted orientation of the ciliate. 
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the nature of undulating membranes have already been discussed (p. 165), 
van Rees (1884) was the only author to hold the opinion that the membrane 
of C. glaucoma was a row of cilia (““pseudomembrane”). Curiously enough, 
the majority of observers were convinced that the membrane was attached 
to the left margin of the peristome and depicted it accordingly, though its 
correct position, on the right side, had already been indicated by Stein (1860), 
a view which up to the present time was accepted only by Delage and Hérouard 
(1896) and Kahl (1926). It must be admitted that it is sometimes difficult 
to determine the actual arrangement, but as a careful examination can leave 
no doubt, it is difficult to avoid the impression that the misstatements of the 
older observers may in some cases have been due to an erroneous inter- 
pretation of the orientation of the microscopic image. The extension of the 
membrane to the opposite side of the peristome is not alluded to by most 
of the earlier authors, Kent (1881) apparently being the first to refer to the 
membrane as “hood-shaped,” though according to his figure its opening is 
directed backwards, instead of forwards. The correct arrangement of the 
membranes was established by Biitschli (1889). Some authors (Biitschli, 
1889; Schewiakoff, 1889, 1896; Blochmann, 1895, and De Morgan, 1926) 
maintained that a special row of cilia was present on the margin opposite to 
that which bears the membrane, but this is evidently a misinterpretation of 
the situation of one of the ciliary rows running parallel to the margins of the 
peristome (Pl. XII, figs. 61, 63). Nearly all previous observers described the 
appearance and length of the cilia correctly, but the majority overestimated 
their number and the density of arrangement. De Morgan (1926) and Kahl 
(1926) alone conveyed an accurate picture of the ciliation, Kahl’s figures for 
the number of rows (4, 5 on one side) and cilia (about 15 in each row) closely 
corresponding with the estimate made here. As already stated, the tuft of 
cilia directed into the peristome is recognisable in the “soies ventrales” and 
second membrane described by Claparéde and Lachmann (1859) and Stein 
(1860) respectively; although not mentioned by other authors, their presence 
can be detected in some of their figures. 

I was unable to distinguish the cytostome, though it has been figured by 
some authors, but its site can be determined by the position of the primary 
food vacuole, which opens into the peristomial cavity at the left side of its 
posterior dilatation (Pl. XII, figs. 61-64). There is nothing comparable with 
a cytopharynx, Schewiakoff (1889) being the only observer to mention such 
a structure, though later (Schewiakoff, 1896) he also rejected it. 

The nuclei of C. glaucoma are always found in the anterior third of the 
body (Pl. XII, figs. 59-61, 69). The macronucleus is spherical and uniformly 
filled with minute chromatin granules. The micronucleus is fairly large, round, 
and lies in front of the macronucleus, usually in juxtaposition with it (Pl. XII 
figs. 59, 60, 69). The single contractile vacuole is terminally situated and 
somewhat nearer to the ventral than the dorsal surface (Pl. XII, figs. 61, 63 
64, 68). 
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The food of C. glaucoma apparently consists of bacteria only. In feeding 
the animal lies on its side, its body-cilia stretched out and motionless, and 
its membrane widely expanded. The anterior cilia are in active motion, driving 
the food into the peristome, whilst the trap-like arrangement of the membrane 
prevents the escape of the bacteria from the cavity. The characteristic move- 
ments of C. glaucoma have often been described and are well known. When 
moving over a wide field the ciliate rotates around its long axis and progresses 
rapidly, but usually it remains stationary and only occasionally changes its 
position by sudden jerks which resemble the movements which follow the 
impact of two resilient bodies. On closely examining a moving ciliate, espe- 
cially in a dense medium, it can be observed that the cilia of the posterior 
half of the body are motionless and directed backwards, locomotion being 
effected by the rowing movements of the anterior cilia alone. During pro- 
gression the undulating membrane is everted to form a tongue-like process 
directed backwards (Pl. XII, fig. 60). The advantage of such an arrangement 
is obvious, for the pouch-like form of the expanded membrane would seriously 
interfere with the movements of the ciliate. Van Rees (1884) and more 
recently Penard (1922) are the only observers to note this reversal of the 
membrane, others (Blochmann, 1895; Schewiakoff, 1896; De Morgan, 1926) 
believing that it could be folded and packed away within the peristomial 
cavity. This does not, however, occur, as far as I have observed. 

As is known, C. glaucoma inhabits both fresh and salt waters. The observa- 
tions recorded here were based mainly on the fresh-water form, though 
the marine form in samples of sea water from the Aquarium of the Zoological 
Society has also been studied. A marine specimen is shown in fig. 68 (Pl. XII): 
it does not differ appreciably from the fresh-water type either in structure 
or size, its only distinction being a slightly longer peristome and membrane. 
Attempts (to be described later) were made to acclimatise the fresh-water 
form to sea water, but it failed to adapt itself to a higher concentration than 
50 per cent. sea water. The slight difference between the two types does 
not seem to justify their separation into distinct species, but it is not im- 
probable that they represent two subspecies or races. These points do not 
appear to have attracted the attention of previous observers who have dealt 
with both forms indiscriminately. 
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3. Uronema nigricans (O. F. Miiller, 1786) Florentin, 1901. 


Synonyms: Cyclidium nigricans O. F. Miiller, 1786. 
Uronema marina Dujardin, 1841. 
? Enchelys triquetra Dujardin, 1841. 
Cyclidium glaucoma Claparéde et Lachmann, 1859 (pro parte). 
Uronema marinum Cohn, 1866. 
Uronema marinum Kent, 1881 (pro parte). 
Cryptochilum nigricans Maupas, 1883. 
? Saprophilus agitatus Stokes, 1887. 
Uronema marina Hamburger et Buddenbrock, 1911 (pro parte). 
“ Uronema nigricans Maupas (var.)” Lepgi, 1926. 
Loxocephalus putrinus Kahl, 1926. 


Diagnosis. 

Length 194-32; breadth 9-6u-16 (fresh-water forms) or 7-2u—11-2y 
(marine forms). Ratio of length to breadth 2:1 (fresh-water forms) or 
2-5: 1 (marine). Body elongated ovoid, narrowing anteriorly; dorsal surface 
convex, ventral concave in the middle. Anterior end bent dorsally and 
obliquely truncated. Peristome rudimentary, situated in the middle of the 
ventral surface and not reaching the anterior quarter of the body. Cytostome 
large, situated in posterior half of the peristome. Single small triangular 
undulating membrane attached to left margin of cytostome. Cilia long, 
arranged in 14 longitudinal rows, converging posteriorly and stopping short 
of anterior extremity. Each row composed of about 20 cilia. One long caudal 
seta attached to posterior end of body. Macronucleus spherical, with adjacent 
micronucleus, situated in the anterior half of the body (fresh-water forms) or 
centrally (marine forms). Contractile vacuole in posterior end. Endoplasm 
contains crystalline inclusions in the anterior (fresh-water forms) or posterior 
(marine forms) half of the body. Habitat: fresh and sea water. Food: bacteria. 


Classification and History. 


The genus Uronema (Holotricha) was founded by Dujardin (1841) for the 
single species described by him under the name U. marina. The same ciliate 
was afterwards recorded by other observers and there seemed to be no doubt 
about the originality of Dujardin’s finding until Maupas (1883) established 
the genus Cryptochilum, the type-species of which, C. nigricans, was identified 
with Cyclidium nigricans of O. F. Miiller (1786). It very soon became apparent 
to some observers that Cryptochilum nigricans was actually identical with 
Dujardin’s Uronema marina, Blochmann (1886) being the first to submerge 
the genus Cryptochilum in Uronema. This view has not, however, been 
generally accepted, and the question has remained unsettled up to the present 
time, some authors regarding C. nigricans and U. marina as distinct, others 
uniting them in one species, and even sometimes changing their views with 
their publications. The confusion already existing was still further increased 
by some authors who assigned to the genera Uronema and Cryptochilum 
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respectively forms which differed markedly from the two type-species as 
established by Dujardin and Maupas. Apparent justification was thus given 
for their retention in separate genera. 

In studying the species under consideration, I very soon found myself in 
the same dilemma as that which confronted the earlier observers. A careful 
and critical perusal of the literature and a study of the organism itself has, 
for the following reasons, convinced me of the identity of the type-species of 
the two genera named. 

The total number of species referred to the genera Siem and Crypto- 
chilum amounts to about 26. These, however, include many doubtful forms, 
some of which probably belong to neither of these genera. Before they can 
be eliminated it is necessary to define the position of the genera Uronema and 
Cryptochilum. According to the description and figure of Uronema marina 
given by Dujardin (1841), this ciliate measures 44, in length, has an elongated 
body, with a narrow anterior end, which is slightly bent; one of its surfaces 
is convex, while the opposite is somewhat concave. The cilia, which are 
fairly long and not very numerous, are arranged in a few rows (five on each 
side), and a caudal seta is present?. There is one contractile vacuole (a second 
one said to be sometimes present in the middle evidently represents the 
primary food vacuole: cf. p. 168), but no mouth was observed. Except for 
the absence of a mouth, the organism described by Dujardin can be readily 
identified with U. nigricans. This species was next described by Cohn (1866), 
who supplied the wanting character, the mouth being found by him in the 
middle of the ventral surface. Seventeen years later Maupas (1883) described 
Cryptochilum nigricans. As in Dujardin’s species, the body of this ciliate is 
convex dorsally, slightly concave ventrally, and narrower at the anterior end, 
while it has a length of about 50y. The cilia are likewise scanty, there being 
four to five rows on each side and a caudal seta posteriorly. The mouth is 
situated in the middle of the ventral surface (cf. Cohn, 1866) and the con- 
tractile vacuole is terminal. Maupas’ description, however, provides the 
following characters not referred to by Dujardin or Cohn—(1) a groove-like 
peristome (‘‘sillon en gouttiére”) running from the anterior end of the body 
to the mouth, (2) one or two small undulating membranes in the region of 
the mouth. In addition, the anterior end of the body is described as being 
obliquely truncated and bent backwards. As will be shown later, the ciliate 
described in this section corresponds with Maupas’ species in all essential 
points. As regards the relation of the latter to Dujardin’s Uronema marina, 
there can be no doubt as to their close similarity. The characters common 
to the description of Dujardin and Maupas have already been referred to, 
while the additional ones in the latter’s account are merely the result of more 
accurate observation and cannot be regarded as indicating a specific dis- 
tinction for they undoubtedly represent features overlooked by Dujardin. 


* In cases where there is no doubt about the interpretation of the structures described by 
earlier observers, they are referred to in modern terminology. 
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Maupas was, however, under the impression that he was dealing with a 
distinct type and placed it in a new genus, as Cryptochilum nigricans. The 
identity of the two species named was recognised by a number of authors 
(Blochmann, 1886, 1895; Biitschli, 1889; Schewiakoff, 1889; Delage and 
Hérouard, 1896; Hamburger and Buddenbrock, 1911; Buddenbrock, 1920; 
Lepsi, 1926; De Morgan, 1926; Kahl, 1926), none of whom, however, adduced 
satisfactory evidence in support of their contention. In the accounts of other 
authors, these species are dealt with separately. As will be shown, however, 
some of these authors erroneously referred to U. marina forms which do not 
correspond with the type-species. Maupas himself insisted on the independent 
position of D. nigricans in a later work (Maupas, 1889: footnote to pp. 267-268) 
on the ground that Dujardin’s U. marina was common in fresh and sea water, 
whereas C. nigricans was purely marine, and that the latter was defined by 
him in 1883 in sufficient detail to be distinguishable from the former. The 
last argument has already been disposed of; as regards the first, it can also 
be dismissed, since it is now known that forms indistinguishable from 
C’. nigricans occur in fresh water also. Maupas rather disproves his own case 
by stating further that “Mébius a donné...des figures assez exactes de 
lUronema marina,’ which, as has been pointed out already (p. 162) does 
not belong to this species, but probably represents Lembus pusillus. 

In accordance with the rules of nomenclature, the ciliate formerly known 
as Uronema marina Duj. and Cryptochilum nigricans Maupas should be desig- 
nated Uronema nigricans (O. F. Miiller, 1786) Florentin, 1901, the last-named 
author being the first to make the amendment. 

Amongst the representatives of the genus Cryptochilum Maupas (1883) 
described C. tortum and C. echini, which differ sufficiently from U. nigricans 
to be separated from it generically and may, therefore, be retained in the 
genus to which they were originally assigned, as was already suggested by 
Russo (1914). As regards C. boreale described by Hentschel (1924), its position 
in this genus is very doubtful. 

Amongst the remaining forms formerly referred either to Uronema or 
Cryptochilum, the following may be regarded as species of Uronema, of which 
U. nigricans is the type—U. elegans (Maupas) Hamburger and Buddenbrock, 
1911; U. griseolum (Maupas) Biitschli, 1889; U. acutum Buddenbrock, 1920; 
U. mirum Penard, 1922; Uronema sp. Lepsi, 1926; U. kenti Kahl, 1926, and 
U. acuminata Kahl, 1926. 

As has already been stated, there are in addition a number of ciliates 
which, though referred to U. marina (U. nigricans), differ considerably from 
this species and probably do not even belong to the same genus. Ciliates of 
this group were first described by Schewiakoff (1889, 1896), according to 
whose accounts U. marina measures up to 60 in length, has an ellipsoidal 
body densely covered with cilia, which are arranged in numerous rows, and 
bears a caudal seta. The mouth carrying one membrane is situated far for- 
wards in the anterior end of the body. This form thus differs from U. nigricans 


( 


oidal 
and 
r for- 
1cans 


C. A. Hoare 185 


in the degree of ciliation, the position of the mouth and absence of any trace 
of a peristome. The ciliates described as U. marina or U. marinum by 
Blochmann (1895), Roux (1901) and, in part, by Hamburger and Buddenbrock 
(1911), all belong to this type. A similar species, but differing in its larger 
dimensions (904) was recorded by Schewiakoff (1893, 1894, 1896) as U. ovale. 
The peculiar structure of these forms of “U. marina” was first definitely 
recognised by Buddenbrock (1920) who proposed to designate Schewiakoff’s 
ciliate U. schewiakoffi. Kahl (1926) also noted the discrepancy and, being 
apparently in ignorance of Buddenbrock’s earlier amendment, suggested for 
it the name U. schewiakowi. Blochmann (1895), who evidently realised the 
difference between Dujardin’s species and the one recorded by Schewiakoff 
(1889) compared the latter with the genera Stegochilum and Dichilum (inter 
alia), to which it seems to be closely allied. Personally, I believe that U. 
schewiakoffi and U. ovale belong to a distinct genus, which might appropriately 
be named Pseuduronema. 

As regards the remaining forms referred to the genus Uronema—U. rabaudi 
Cépéde, 1910; the six species described by Penard [1922 (U. socialis, U. gem- 
muliferum, U. microcrepis, U. biceps, U. dubium, U. simplex)|; U. opisthostoma 
Lepsi, 1926; U. solivaga Kahl, 1926; and U. caudatum recorded by Martini 
(1910) and Yakimoff (1921)—the position of some of them is very doubtful, 
whilst others can be definitely excluded from this genus, and need not be 
discussed any further, with the exception of the last-named species, which 
will again come under consideration in Part V. It is now possible to consider 
U. nigricans, the most important points in the nomenclature of which have 
already been discussed. The synonyms of this species will be found at the 
beginning of this section. 

The forms described by Dujardin (1841) as Enchelys triquetra have been 
referred to U’. marina by several observers: they probably represent distorted 
specimens of U. nigricans. In the work by Claparéde and Lachmann (1859) 
U. nigricans is united with Cyclidium glaucoma (see p. 177), while Kent (1881), 
though giving a separate description of the latter species, has included some 
of its characters in the description of U. marina. According to his account, 
U. marina possesses an “‘extensile trap-like membrane” which is absent in 
“young” specimens. The forms with a membrane—the figure of which is 
similar to that of Cyclidium glaucoma in Kent’s work—evidently belonged to 
Cyclidium, whilst the “young” ones were true U. nigricans. The position of 
Saprophilus agitatus described by Stokes (1887, 1888) and included by many 
observers in U. marina (U. nigricans) is not quite clear, as it differs from this 
species in the possession of a small “hood-like” membrane, as in Balantio- 
phorus. It is possible that the structure of the membrane was misinterpreted 
by the author, though recently Kahl (1926) claims to have rediscovered this 
and a number of new species of Saprophilus provided with a similar membrane. 
In view of this fact the identity of this genus with Uronema becomes more 
doubtful and stands in need of further investigation. U. nigricans is identical 
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with Cryptochilum nigricans in the description of Schewiakoff (1896) and Roux 
(1901), but not with their U. marina,-as already stated. A recognisable account 
of U. nigricans was later given by Calkins (1902), whilst the description of 
U. marina by Hamburger and Buddenbrock (1911) apparently refers to both 
U. nigricans and Pseuduronema schewiakoffi (see p. 185), the features of both 
being included in the diagnosis. U. nigricans has recently been more accurately 
re-described by Buddenbrock (1920), Lepgi (1926) and De Morgan (1926), 
but further confusion was brought into the question by Kahl (1926), who 
distributed forms hardly distinguishable from U. nigricans in various new 
species, whilst his Loxocephalus putrinus bears an unmistakeable likeness to 
the species in question. 
Description. 

The present observations on Uronema nigricans were based on two strains: 
one, a fresh-water one, isolated from an old hay-infusion; the other marine, 
found in samples of sea water from the Aquarium of the Zoological Society', 
Both strains were cultivated in faecal suspensions (with tap or sea water, 
according to the strain), the fresh-water form having been grown on agar- 
plates also. 

The following account relates to both forms of the ciliate. The differences 
between them are too insignificant to require separate treatment, but they 
will be indicated in the course of the general description. For the sake of 
brevity, the ciliates of the fresh-water strain will be referred to as F, and 
the marine ones as M. 

The length of the two forms is approximately the same, F measuring 
from 19-2 to 30-4, and on the average 25-3, whilst the length of M varies 
from 20p to 32, with an average of 24-34. There is, however, a perceptible 
difference in the breadth, that of F being from 9-6 to 16m, and of M from 
7-2p to 11-2, the mean figures being 13 and 9-5y respectively. This differ- 
ence, though not considerable in itself, becomes more apparent on comparison 
with the respective lengths of the two ciliates, the ratio of length to breadth 
in F being 2: 1, and in M 2:5: 1. With some experience it is easy to dis- 
tinguish the two strains even under low magnification, when they are examined 
in drops side by side. On account of the difference in the ratio of length to 
breadth, the fresh-water forms appear to be shorter and plumper, while the 
marine ones look longer and more slender. 

The shape of the body has already been fairly accurately described by 
Maupas (1883). In normal individuals (7.e. not overfed or distorted by fixation) 
it is elongated and irregularly ovoid; the dorsal surface is convex, whilst the 
ventral has a concavity near the middle, in which the peristome and mouth 
are situated (Pl. XIII, fig. 79; Pl. XII, fig. 77). The anterior end of the body 
is somewhat bent dorsally, its foremost part being obliquely truncated with 
a slope to the dorsal surface. In overnourished (Pl. XII, fig. 76) or im- 
perfectly fixed specimens (PI. XII, fig. 72; Pl. XIII, fig. 94) the body tends 

1 Obtained through the courtesy of Dr G. M. Vevers, to whom my thanks are due. 
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to be more regularly oval in outline, its anterior end also being rounded. 
Such forms figure in the descriptions of many authors and have no doubt 
also contributed to the separation of Maupas’ Cryptochilum nigricans from 
U. marina. The body of U. nigricans does not appear to be laterally com- 
pressed, as stated by some observers, its transverse sections being almost 
perfectly circular (Pl. XII, fig. 74). As in Cycldium glaucoma, the bilateral 
symmetry of the body is interfered with only by the asymmetrical arrange- 
ment of the peristonte and the buccal apparatus. . 

The peristome of U. nigricans requires special consideration, since its 
presence or absence was regarded as one of the main points of distinction 
between the genera Cryptochilum and Uronema. The peristome is in a very 
undeveloped condition, being merely a dent in the middle of the ventral 
surface of the body. Its outline is that of an incomplete ellipse closed pos- 
teriorly and open anteriorly and slightly to the left (Pl. XIII, figs. 78, 90, 94, 
95), its right margin thus being longer than the left one (Pl. XIII, figs. 78, 
90, 95). The whole peristome lies slightly obliquely to the long axis of the 
body and does not reach its anterior quarter. The deepest part is along its 
right border, at the posterior end of which the mouth is situated. It rapidly 
becomes shallower anteriorly and merges imperceptibly into the general 
surface of the body (Pl. XIII, figs. 90, 92, 95; Pl. XII, fig. 71). 

The cytostome of U. nigricans is relatively large, occupying the posterior 
half of the right side of the peristome (Pl. XII, fig. 71; Pl. XIII, figs. 78-81, 
90, 92, 94, 95). There is no pharynx, the food passing from the mouth directly 
into the primary food vacuole, which is somewhat hemispherical (Pl. XII, 
fig. 77; Pl. XIII, fig. 79). The left margin of the cytostome bears a small 
triangular undulating membrane increasing in width posteriorly (Pl. XII, 
figs. 71-73; Pl. XIII, figs. 79-81). When not fully expanded the membrane 
may have a crescentic appearance (Pl. XII, figs. 75, 76; Pl. XIII, figs. 78, 
90, 92, 96). The striation of the membrane, though not figured, can be easily 
distinguished. 

The views of previous observers regarding the structure of U. nigricans 
have already been dealt with above to a certain extent. It was shown thal, 
most of the errors of interpretation were due to the inclusion of heterogeneous 
forms under the names Uronema marina and Cryptochilum nigricans. In 
comparing the previous accounts with the observations on U. nigricans re- 
corded here, only those forms whose position in this species can be established 
beyond doubt will be considered. 

Though Miiller (1786) and Dujardin (1841) gave fairly good accounts of 
the shape of the body of this ciliate, it was Maupas (1883) who first accurately 
described it. On the other hand, Calkins (1902) and De Morgan (1926), al- 
though undoubtedly referring to this species, described specimens distorted 
either by overfeeding or treatment (cf. Pl. XII, figs. 72, 76). 

As regards the peristome, none of the previous observers seems to have 
recognised its true structure, some (Blochmann, 1886; Schewiakoff, 1896; 
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Roux, 1901) accepting unreservedly the description given by Maupas (1883), 
according to whom the peristome extends from the anterior end to the middle 
of the body in the form of a narrow straight groove, others, though apparently 
in agreement with this interpretation, stating that the peristome is only 
sometimes present (Biitschli, 1889; Calkins, 1902; Lepgi, 1926). The latter 
view can be explained by the fact that the peristomial depression, which is 
by no means well defined in this species, becomes obliterated in well-nourished 
individuals by the distension of the body (Pl. XII, fig. 76). From the descrip- 
tions of some authors again (Cohn, 1866; Quennerstedt, 1869; De Morgan, 
1926, and Kahl, 1926), it is not clear whether the peristome or the mouth is 
referred to. A more accurate account of the peristome was given by Budden- 
brock (1920), though he figured it as a more or less perfect ellipse. 

The mouth of U. nigricans was first observed by Cohn (1866), its relation 
to the peristome having been established by Maupas (1883). The latter was 
also the first to note the presence of an undulating membrane in the region 
of the mouth, though he was unable to ascertain whether one or two were 
present. As already stated, the earlier description of a membrane in this 
species by Kent (1881) referred to a Cyclidium. Maupas’ doubts as to the 
number of membranes were reflected in the works of Blochmann (1886), 
Schewiakoff (1896) and Roux (1901), De Morgan (1926) being the only ob- 
server, as far as I am aware, who definitely maintained that two membranes 
were present in this species. It was Calkins (1902) who first pointed out that 
there was only a single membrane, whilst Buddenbrock (1920) defined its 
position on the left margin of the cytostome. 

The ciliation of U. nigricans is very similar to that in Cyclidiwm and 
Lembus. The cilia are very long and arranged in 14 longitudinal rows (PI. XII, 
fig. 74) converging posteriorly and stopping short of the apex at the anterior 
end (Pl. XII, fig. 73; Pl. XIII, figs. 78, 81, 91-93). Each row consists of about 
20 cilia, their total number in this species being approximately 300. The 
ciliary rows have a fairly regular meridional arrangement, the peristome 
being too small to affect their course. The first row to the right of the peristome 
runs quite close to its margin, being almost contiguous with its posterior 
half, whilst the first row to its left is further away from the margin (PI. XII, 
fig. 77; Pl. XIII, figs. 78, 79, 81, 92, 95). There can be little doubt that the 
special rows of cilia, which according to the majority of previous observers 
are attached to the two peristomial margins, actually represent these two 
ciliary rows, the right one being especially easily mistaken for a special ciliary 
fringe on the side of the peristome (cf. Pl. XII, fig. 73). The posterior end of 
the body bears a well-developed caudal seta about half as long as the body 
itself. As in the two species already described, the cilia become more densely 
arranged towards the anterior end of the body, while its blunt apex remains 
uncovered. 

The length and scantiness of the ciliary covering in U. nigricans was 
recognised and correctly depicted by Dujardin (1841), who counted four or 


2 
fir 
al 
of 
he 
ro 
ci 
th 
at 
al 
as 
of 
th 
dt 
a 
th 
ol 
al 
th 
tr 
(F 
pl 
be 
pe 
Ww 
we 
to 
be 
fig 
be 
di 
di 
de 
in 
ar 
gl 
of 
it 
ch 


1883), 
riddle 
rently 
only 
latter 
‘ich is 
rished 
ScTip- 
organ, 
uth is 
dden- 


lation 
was 
region 
were 
n this 
the 
1886), 
ly ob- 
yranes 
t that 
ed its 


and 
. 
terior 
about 
The 
stome 
stome 
terior 
XI, 
at the 
ervers 
e two 
siliary 
nd of 
body 
onsely 
mains 


s was 
yur or 


C. A. HOARE 189 


five ciliary rows (“cdtes longitudinales”’) on each side. The accounts of other 
authors vary considerably, however. A more or less accurate interpretation 
of the number and arrangement of the cilia was given by Kent (1881), Maupas 
(1883), Schewiakoff (1896), Buddenbrock (1920) and Lepgi (1926), while others 
haveexaggerated the density of ciliation and over-estimated the number of ciliary 
rows (Roux, 1901; Calkins, 1902; De Morgan, 1926), or have represented the 
cilia as too short (Cohn, 1866; Quennerstedt, 1869; Maupas, 1883; Kahl, 1926). 

There has also been some misunderstanding regarding the arrangement of 
the caudal seta, especially after Maupas (1883) had emphasised its oblique 
attachment in Cryptochilum nigricans. This peculiarity was accepted by some 
authors (Schewiakoff, 1896; Roux, 1901; Hamburger and Buddenbrock, 1911) 
as a specific character of this ciliate (and consequently of U. nigricans). Most 
of the other authors, however, either disregarded this point or represented 
the seta as lying in the longitudinal axis of the body. This discrepancy is 
due to the fact that the caudal seta in this and other ciliates was regarded as 
a stiff, fixed appendage, whereas it is actually mobile. It is therefore evident 
that it may be found in any position and will actually be more frequently 
observed at an angle to the body. 

U. nigricans has a fairly large spherical macronucleus and one micro- 
nucleus which is usually adjacent to it. In F the nuclei lie well within the 
anterior half of the body (Pl. XII, fig. 71; Pl. XIII, figs. 80, 81), whilst in MW 
they are usually near the centre (Pl. XII, figs. 73, 75, 76). The single con- 
tractile vacuole is terminal, being situated somewhat nearer to the right side 
(Pl. XIII, fig. 78). One of the characteristic features of this species is the 
presence of crystalline inclusions in the endoplasm. They are rod or dumb- 
bell shaped, or globular, varying considerably in size, as is seen in the accom- 
panying figures (Pl. XII, figs. 73, 75-77; Pl. XIII, figs. 78-81). These crystals, 
which are evidently products of metabolism (Biitschli’s “Exkretkérner”’), 
were first described by Maupas (1883), who regarded them as specific for 
Cryptochilum nigricans and Uronema marina. According to this observer and 
to Schewiakoff (1896), these granules accumulate in the posterior end of the 
body of the ciliate. This, however, applies only to the majority of M (Pl. XII, 
figs. 75, 76), whereas in F the crystals are mostly in the anterior half of the 
body (Pl. XIII, figs. 78-80). Although subject to individual variation, this 
difference in the distribution of the crystals affords a ready criterion for 
distinguishing the fresh-water and marine strains of U. nigricans. Further 
details regarding the relationship of the two forms will be found in Part IV, 
in which the experiments on acclimatisation to new environments are recorded 
and discussed. 

The habits and behaviour of U. nigricans resemble those of Cyclidium 
glaucoma. It occurs naturally amongst decomposing matter on the surface 
of fresh and salt waters, where it feeds on bacteria. Like the latter species, 
it is often seen lying on its side with outstretched cilia, but it frequently 
changes its position, moving about with great rapidity. 
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4. Affinities of the species described. 


The three genera described in this paper are usually placed in two separate 
families: the Chiliferidae, to which Uronema belongs, and the Pleuronemidae, 
which includes Cyclidium and Lembus. 

The family Pleuronemidae as conceived at present consists of five genera— 
Pleuronema, Cyclidium, Balantiophorus, Lembus and Lembadion—the mutual 
relationship of which seems to be well established. The most important 
characteristics of this group are the presence of a distinct peristome bearing 
from one to three strongly developed undulating membranes, a general re- 
duction of the ciliary covering and the elongation and thickening of the cilia. 
With regard to the development of the peristome, only the Paramecidae, with 
the single genus Paramecium, can be compared with the Pleuronemidae. In 
the latter family, however, the undulating membranes reach the highest 
degree of development among the Holotricha. According to Stein (1867), the 
genera comprising this family can be regarded as a link between the Holotricha 
and the Heterotricha, the adoral zone of the latter being homologous with 
the undulating membranes of the pleuronemids. 

The family Chiliferidae represents a much more heterogeneous assemblage, 
the chief character distinguishing its members from those of the Pleuronemidae 
being the absence of a peristome, whilst the presence of adoral membranes 
serves as a connecting link between the two families. 

The genus Cryptochilum was placed in the family Chiliferidae as an ex- 
ception. As already demonstrated, its type-species, C. nigricans, is identical 
with Uronema nigricans. Apart from the presence of a peristome, this species 
differs from the other chiliferids in the greater length and scanty distribution 
of its cilia, all the other members of this family being covered with short 
and densely arranged cilia. As regards the ciliates separated by me from the 
genus Uronema under the name Pseuduronema (cf. p. 185), they conform 
with the Chiliferidae in all respects, in that they have no peristome and are 
densely coated with short cilia. 

The characters distinguishing Uronema nigricans (= Dujardin’s U. marina 
= Maupas’ Cryptochilum nigricans) from other Chiliferidae, however, serve 
to ally it to the Pleuronemidae. Indeed, if Uronema is compared with 
Cyclidium and Lembus, a number of features in common with these ciliates 
will be apparent. The shape of the body is similar; they are all provided 
with exceptionally long cilia (including the caudal seta), which are scantily, 
but uniformly distributed over the body; the mouth in all is situated near 
the middle of the body, and the contractile vacuole is at the posterior end. 
They differ from each other in the structure of the peristome and undulating 
membranes. This difference is, however, of a relative character and represents 
varying degrees of development of these structures. The most primitive 
condition is found in U. nigricans, the peristome of which is small and not 
well defined, sometimes even disappearing temporarily in over-nourished 
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individuals. The undulating membrane of this ciliate is also diminutive and 
inconspicuous. The next advance is reached in Cyclidium and Pleuronema, 
the peristome of which is already very well developed and bears a large 
membrane running along the entire length of one side and extending to part 
of the other side. A further development is exhibited by Balantiophorus, in 
which the membrane is attached to the whole length of both sides of the 
peristome in the form of a hood open in front. In Lembus the peristome is 
equally well defined, but already two membranes are present. The highest 
degree of complexity in this family is attained by Lembadion, the peristome 
of which occupies the greater part of the ventral surface and bears three 
large undulating membranes. 

The close similarity between U. nigricans and the pleuronemids seems to 
justify the separation of the genus Uronema from the family Chiliferidae, in 
which it was admittedly placed as an exception (under the name Cryptochilum), 
and its inclusion in the family Pleuronemidae. 

The resemblance between the genera Uronema, Cyclidium and Lembus 
has been recognised by other observers and their views have already been 
considered in other sections of this paper. A comparison of the synonyms 
preceding the description of the three species in question affords a sufficient 
illustration of the difficulty experienced by some authors in differentiating 
them. 

As far as I am aware, Kent (1881) was the only author who actually 
placed Uronema in the family Pleuronemidae, though his grounds for doing 
so were evidently due to a confusion between Uronema and Cyclidium (p. 185). 
Schewiakoff (1896), though not mentioning his views in the text, traced the 
descent of the Pleuronemidae from a common stock with Cryptochilum 
(= Uronema) in his genealogical tree of the Holotricha (l.c. facing p. 114). 
This relationship was more clearly defined by Delage and Hérouard (1896), 
who regarded the rudimentary peristome of Uronema as the precursor of. the 
highly developed peristomes in the pleuronemid ciliates. According to these 
authors, Pleuronema (including Cyclidium) “n’est qu’un Uronema a péristome 
élargi et muni...d’une lévre ondulante trés developpée.”’ 

The family Pleuronemidae as a whole appears to be closely allied to the 
Chiliferidae, and the genus Uronema, though separated from the latter, may be 
regarded as the link connecting the two families. If the sub-family Apharyn- 
geata, to which Uronema (Cryptochilum) was formerly referred, is examined, 
it will be found that the majority of genera representing it can be arranged 
in a series, the members of which, as in the case of the Pleuronemidae, differ 
from each other mainly in the degree of development of the buccal apparatus. 
The characters common to most of the Chiliferidae Apharyngeata are—a more 
or less ovoid body covered densely with short cilia, the absence of a peristome, 
and a cytostome situated near the anterior end of the body. The most 
primitive condition is found in Blepharostoma, the mouth of which bears no 
undulating membrane. In Pseuduronema (= Uronema, sensu Schewiakoff, 
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etc.) there is a single valve-shaped membrane on one side of the cytostome, 
as in Uronema (= Cryptochilum). A further development is reached by 
Dichilum, in which two membranes are present, one on each side of the 
cytostome. In Stegochilum these two membranes are united anteriorly, 
forming a hood open posteriorly. Stegochilum can easily be connected with 
the sub-family Pharyngeata through such forms as Glaucoma and Colpidium, 
in which, in addition to the hood-shaped external membrane characteristic 
of Stegochilum, a third membrane attached to the wall of the cytopharynx 
is present. 

From this brief review it is seen that Uronema (Cryptochilum) is most 
closely allied to Pseuduronema (Schewiakoft’s Uronema), the structure and 
arrangement of the undulating membrane being alike in both. 

These views on the probable relationship of the Chiliferidae and Pleurone- 
midae are but tentatively advanced, as there has been no opportunity for 
verifying by personal observation the literary data on the majority of the 
Chiliferids mentioned. The affinities of the two families, as outlined above, 
can be illustrated by the following diagram (Text-fig. 1). 
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Text-fig. 1. Diagram illustrating probable relationship of the holotrichous families Chiliferidae 
and Pleuronemidae. 
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IV. ENVIRONMENTAL ADAPTATION. 


It has already been shown in the general account of Lembus pusillus, 
Cyclidium glaucoma and Uronema nigricans that there occur two strains of 
each, the one living in fresh water and the other in the sea. Although the 
three species were recorded by previous observers from both habitats, no 
attempt was made to determine the relationship of the two strains of each. 
As I had at my disposal both strains of U. nigricans and C. glaucoma, and a 
fresh-water strain of L. pusillus, it was possible to study this question experi- 
mentally. The problem was similar to that dealt with earlier by Enriques 
(1902-1903) and involved the following considerations: (1) Does a species 
common to both sea and fresh water actually constitute a single species? 
(2) Can marine or fresh-water forms of the same species be transferred to 
fresh or sea water respectively? (3) Do these ciliates undergo any morpho- 
logical changes in the new environment? 

The first question has already been answered to a certain extent in the 
general account. It was shown that the fresh-water strain of L. pusillus 
corresponds with the marine strain of this species as described by other 
authors. Unfortunately, however, no marine forms were available for direct 
verification. In the case of C. glaucoma, both strains were examined, and it 
was found that the marine form differs from the fresh-water one in having 
a slightly longer peristome and membrane. It possibly represents a sub- 
species or race. The relationship of the fresh-water and marine forms in the 
case of U. nigricans was studied more fully than in the other ciliates, since 
an unlimited supply of both was available. As stated above, the two strains 
of this species differ in the ratio of the length of the body to its breadth, in 
the position of the macronucleus, and in the distribution of the crystalline 
inclusions. None of these characters is, however, of specific value. 

The conclusions arrived at from a comparison of the natural strains of 
these species receive further support from experiments carried out with the 
object of solving the second and third considerations mentioned above. Before 
proceeding with the description of the experiments on the acclimatisation of 
the ciliates to new environments a comparison of the fresh and sea water 
employed will not be out of place. The following tables showing the various 
salts and their ions in these waters give a clear idea of their comparative 
concentrations. The differences between the two kinds of water are more 
striking than is commonly realised, especially if the ratios of the various 
salts in one medium are compared with those in the other. 

The figures for fresh water in Table I were compiled from the analyses of 
Houston (1915) and show the average amounts of salts in the London water 
supply from different sources. They therefore represent fairly accurately the 
average chemical composition of the tap water used in the present experi- 
ments. Table II shows the composition of fresh water expressed in ions, 
based upon analyses of the water used in the Zoological Society’s Aquarium. 
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Table I. The approximate chemical composition of fresh water (London 
water supply) and sea water (Aquarium, Zoological Society). 


Parts per 1000 Approximate ratio of 
c A - salts in sea water to 
Salts In sea water Infresh water those in fresh water 


Sodium chloride 31-7300 0-0536 634: 1 
Magnesium chloride 4-4389 _ 
Magnesium sulphate 1-9332 0-0284 22 
Calcium sulphate 1-4691 0-0396 
Potassium sulphate 1-0062 — 

Sodium sulphate — 0-0141 
Magnesium bromide 0-0886 — 
Calcium carbonate 0-1434 0-2164 
Sodium nitrate — 0-0140 


Total salts per litre: 40-8094 0-3760 110:1 


Table II. Concentration of ions of salts in sea and fresh water of Zoological 
Society’s Aquarium, in grm. per litre?. 
Approximate ratio of 
Open-sea ions in sea water of 


Saline sample Aquarium Aquarium aquarium to those 
Constituents (Bay of Biscay) sea water fresh water in fresh water 


0-0173 


0-0090 
0-0860 
0-0408 
0-0180 
0-1240 
Silicates 0-0045 
Nitrates 0-0037 


Total concentration: 35-27 40-81 0-3033 


The sea water, which originally came from the Bay of Biscay, was obtained 
from the same aquarium. Its composition, expressed in terms of ions, is 
given in Table II, compiled from the analyses of Stowell (1925). In Table I 
the saline constituents of sea water are expressed in the form of definite 
compounds, the figures representing the average composition of sea water, 
according to Pearse (1926), corrected for loss of solvent by evaporation in 
the aquarium (cf. second and third columns of Table II). 

The question of the effect of various salts upon ciliates has been dealt 
with by a number of authors but from different points of view. Some (e.g. 
Jennings, 1897; Massart, 1891, ete.), directed their attention chiefly to the 
locomotor reactions of these organisms to chemical or osmotic stimuli (chemo- 
taxis and tonotaxis respectively). Others were mainly concerned with testing 
the general resistibility of ciliates to various concentrations of pure salts. 
None of these experiments, however, has a direct bearing upon the problem 
which the experiments described here were designed to solve, namely accli- 


1 The second and third columns are from Stowell (1925), the fourth presents the results of 
unpublished analyses kindly placed at my disposal by Dr F. P. Stowell. 
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matisation to changes in the salinity of the media which are the natural 
environment of the ciliates. 

As, however, a number of previous authors used sodium chloride, the 
concentration of which constitutes the most important difference between 
sea and fresh water, their results, as far as this salt is concerned, can be 
compared with those obtained in the experiments under consideration. 

It must be noted that the experiments on the action of sodium chloride 
alone cannot be compared with the acclimatisation of ciliates to natural sea 
water, as some observers have attempted to do (e.g. Balbiani, 1899). Although 
it is the chief constituent of sea water, the action of other salts present in 
enormous quantities as compared with fresh water (see Table I) cannot be 
ignored, since even minute quantities of some chemicals are capable of exerting 
a considerable influence upon living organisms. It is, moreover, necessary to 
take into account the combined action upon the organisms of the various 
salts in solution, for this is not necessarily the sum of the effects produced 
by these salts individually. This being so, the only satisfactory procedure in 
acclimatisation to environments differing in the concentration of a number 
of different salts consists in a gradual substitution of the medium which the 
ciliates naturally inhabit by the new one. In this way the animals are kept 
more or less under natural conditions, the gradual alteration in the concen- 
tration and composition of the medium being similar to changes which might 
occur in nature. 

This is especially true if we take into consideration the fact that species 
inhabiting both sea and fresh waters are undoubtedly of common origin, 
having probably come into existence in the sea, whence they migrated to 
inland waters, adapting themselves first to brackish and then to fresh waters. 
On a priori grounds it might be expected that such forms would be euryhaline, 
their: power of adjustment to varying concentrations of salts being wider than 
in purely marine or fresh-water forms. Davenport (1897), in discussing 
acclimatisation, makes a somewhat similar observation: “Different organisms 
are attuned to different concentrations, and there can be no doubt that the 
degree of concentration to which they are attuned is determined by the past 
experience of the organisms, as the facts of acclimatisation indicate.’ These 
theoretical considerations find support in the experiments on Lembus, Cycli- 
dium and Uronema described in this paper, and, to a certain extent, in the 
works of Enriques (1902-1903), who, as far as I am aware, was the only 
observer to study the environmental adaptation of ciliates on the lines 
indicated here. 

When the fresh-water forms of any of the ciliates in question are suddenly 
transferred into a drop of sea water their body shrinks and the animals 
appear to be dead in a few moments; on placing marine forms (e.g. Uronema) 
in a drop of tap water the reverse happens, the animals swelling up rapidly, 
forming cytoplasmic extrusions and, in most cases, breaking up. These are 
the phenomena commonly observed under similar circumstances, and _re- 
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present the osmotic action of hypertonic and hypotonic solutions, as exhibited 
by all living cells. 

Attention may now be directed to the experiments on the acclimatisation 
of these ciliates to various concentrations by gradual alteration of the medium. 
The medium was in all cases combined of sea and fresh water with a minute 
quantity of human faeces in suspension. The faeces provided the nourish- 
ment, the amount added being just sufficient to impart a slight turbidity to 
the medium, but too insignificant to affect the composition of the water. 


8 JAN. 1926 


20 JAN. 1926 

5 


Oe 
x 


-~ 

/ 

‘ \ 


20 JAN. 1927 
Text-fig. 2. Diagram showing the course of acclimatisation of the fresh-water strain of Uronema 
nigricans to sea water. Each circle denotes a single subculture; the vertical column of 
complete circles shows the direct lineage of the strain maintained successfully in pure sea 
water; interrupted circles indicate aberrant lines which died out. The proportion of fresh 
water in the medium is shown by the shaded part of the circles, the parts left white denote 
sea water. 1, fresh-water U. nigricans in tap water; 2, in 25 per cent. sea water; 3, in 50 per 

cent. sea water; 4, in 75 per cent. sea water; 5-44, in pure (100 per cent.) sea water. 


The first experiment was carried out with the fresh-water strain of Uronema 
nigricans, which was cultivated in faecal suspensions with tap water. From 
this culture the ciliates were transferred to media containing gradually in- 
creasing amounts of sea water. The course of acclimatisation is graphically 
represented in Text-fig. 2. From tap-water culture 1 a large number of 
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ciliates were transferred into a mixture of 25 per cent. sea water and 75 per 
cent. tap water (No. 2), containing approximately 1 per cent. total salts, or 
0-8 per cent. NaCl. From this mixture a subculture was made four days 
later into a medium (No. 3) containing equal quantities of sea and fresh water 
(2 per cent. total salts or 1-58 per cent. NaCl). Four days later the ciliates 
were subinoculated into a medium (No. 4) of 75 per cent. sea water (3 per cent. 
total salts, 2-38 per cent. NaCl), and finally, after four days’ growth in this 
medium, a culture (No. 5) was started in pure sea water (4 per cent. total 
salts, 3-17 per cent. NaCl). In all the above mixtures the ciliates multiplied 
normally, but in pure sea water their maintenance presented some difficulties 
at the beginning. Thus in subculture 5a the ciliates died out and a new 
subculture (No. 6) had to be started from No. 5. The strain was then carried 
on to subculture 7. A number of lines (Nos. 7 a, 7 6, 7c) derived from the 
latter again died out but in No. 8, subinoculated from it on the 49th day, 
a culture was obtained. A similar failure was at first experienced with this 
subculture (see Nos. 8 a, 8 b, etc.) but on subinoculating from it on the 47th 
day the sea-water culture was finally established in No. 9. The further main- 
tenance of the strain presented no difficulties, and was carried on by regular 
subinoculations about once a week. At the time of writing this paper sub- 
culture 44 was reached, the strain having been maintained in pure sea water 
for exactly 12 months. It is still thriving, and the ciliates have become so 
well adapted to the new environment that there seems to be no reason why 
the strain could not be maintained for an indefinite period. 

It is thus seen that only 12 days were required for the fresh-water strain 
of U. nigricans to adapt itself to sea water, i.e. to adjust itself from a concen- 
tration of 0-0037 per cent. salts (0-005 per cent. NaCl) to that of 4 per cent. 
(3:17 per cent. NaCl). During the first hundred days or so after the ciliates 
had been transferred to sea water a certain proportion of them were evidently 
unable to withstand the changed conditions (see Text-fig. 2, Nos. 5, 7, 8 and 
their derivatives), but those which survived had ultimately become com- 
pletely acclimatised. 

The morphological differences between the fresh-water and marine forms 
of U. nigricans have already been described (p. 182) and are summarised in 
Table III. As is seen from this table the points of distinction are not absolute 
but are true for the majority of individuals examined, whilst the minority 
manifest the characters peculiar to forms from the other environment. This 
instability of the characters becomes more apparent on examining the morpho- 
logical changes undergone by the fresh-water forms in the course of adaptation 
to sea water. As Table III shows, in cultures maintained in sea water for 
60 days the ratio of the body length to breadth remains unchanged, but the 
macronucleus becomes shifted to a central position in the majority of indi- 
viduals, whilst the crystals become more scattered, or displaced to the posterior 
end of the body. Thus, the 60 days old strain already exhibits a number of 
features peculiar to the marine Uronema. After having been cultivated in 
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Table III. The effect of changes in the salinity of the environment upon 
the morphology of Uronema nigricans. 


Position of 
Mean macronucleus Distribution of 
ratio per 100 crystals per 
Natural Dimensions in p individuals 100 individuals 
habitat 
of Mini- . i- n- - Seat- Pos- 
ciliate Culture medium mum tral terior tered terior 
Fresh water: 
Pure sea water (60 days): 
Length . 7 
Breadth 2: % 
Pure sea water (127 deys): 


Length 2: . 
Breadth 2 8 18 


Sea water: 

Length . . 
Sea | Breadth . . : 80 17 
water | Fresh water (53 days): 


8 
\ Breadth 


sea water for 127 days the acclimatised ciliates already acquire all the pecu- 
liarities of the latter, from which they are now absolutely indistinguishable, 
the ratio of length to breadth, position of the macronucleus, and distribution 
of crystals in these ciliates being practically the same as in the marine ones 
(Table ITI). 

The next series of experiments were conducted with the object of accli- 
matising marine forms of U. nigricans to fresh water. This proved to be more 
difficult than in the case of acclimatisation to sea water. Starting with a 
culture in faecal suspension with sea water, the ciliates were transferred to 
a mixture of 75 per cent. sea water and 25 per cent. tap water (3 per cent. 
total salts, or 2-9 per cent. NaCl); from this, two days later, to equal quantities 
of sea and fresh water (2 per cent. total salts, 1-58 per cent. NaCl), and finally, 
after two days again, to a faecal suspension with pure tap water (0-037 per 
cent. total salts, 0-005 per cent. NaCl). The marine U. nigricans became well 
established in fresh water and continued multiplying for about 60 days in 
the same tube, to which fresh nourishment in the form of faecal suspension 
was added on the 42nd day. Subcultures were made from this culture at 
intervals of from 5 to 45 days, but in none of them did the ciliates develop 
further. In another experiment the ciliates became acclimatised to fresh water 
in 12 days. From the above account it is seen that the marine strain of 
U. nigricans is capable of adapting itself to fresh water in 5 days, but the 
failure experienced in the attempts to carry on the strain in fresh water 
indicates that these ciliates do not adjust themselves to the new environment 
so easily as the fresh-water forms do to sea water. 

As in the latter case, the marine forms undergo certain morphological 
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changes in the new medium, but these are not so pronounced as in fresh- 
water forms (see Table III). On the 53rd day of cultivation in fresh water 
the ratio of the length to the breadth of the body was found to be but slightly 
altered; on the other hand, the macronucleus migrated to the anterior end of 
the body, as in the fresh-water forms, in about half of the individuals, whilst 
in the other half it remained central. As regards the distribution of the 
crystals, they showed a definite tendency to shift anteriorly, as in the fresh- 
water forms, remaining in the posterior end of the body in only about one-third 
of the individuals. 

Having succeeded in transferring the fresh-water forms of U. nigricans 
into pure sea water, and having determined the morphological changes under- 
gone by them in the process of adaptation, attempts were made to return 
the acclimatised strain to its proper environment. The ciliates were on several 
occasions gradually transferred from sea-water cultures to media of decreasing 
salinity—containing 75, 50, 25 and 15 per cent. sea water—in which they 
developed normally, but attempts to bring them back to pure fresh water 
failed and after some time were abandoned. It is, of course, possible that 
with more perseverance success might have been attained, as in the acclimatisa- 
tion of this strain to sea water. As it is, the difficulty experienced shows 
that during the 12 months of cultivation in sea water the fresh-water U. nigri- 
cans acquired all the peculiarities, both morphological and physiological, of 
the marine form, including that of not readily adapting itself to fresh water. 
Though no exact measurements were taken, it was observed that already in 
cultures with 25 per cent. sea water the body of the ciliates assumed its 
original proportions. The difficulty experienced in the acclimatisation of 
marine ciliates—and fresh-water ones already adapted to sea water—to fresh 
water may to a certain extent be due to a change of diet. Quite recently 
Kofinek (1926) has shown that fresh-water bacteria easily tolerate sea water, 
whereas the majority of marine bacteria observed by him failed to develop 
in fresh water. In view of these facts it is conceivable that the marine bacteria 
transferred with the ciliates into a medium of lower salinity may perish, and 
the acclimatisation of the ciliates to fresh water may be delayed until they 
are able to adapt themselves to the nourishment afforded by the micro- 
organisms present in the new medium. 

Experiments similar to those described for U. nigricans were carried out 


with the fresh-water strains of Lembus pusillus and Cyclidium glaucoma. 


L. pusillus was transferred from a fresh-water faecal suspension directly 
to a medium of 50 per cent. sea water, four days later to 75 per cent., and 
after another period of four days to pure sea water. It thus required only 
eight days for adaptation to this environment. The strain was maintained 
in sea water for 163 days, passing through 14 subcultures. Towards the end 
of this period the cultures began to decline and finally died out. No attempts 
were made to restore the strain, as the time during which the ciliate developed 
normally in pure sea water afforded sufficient evidence of its adaptability. 
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I was unable to detect any morphological peculiarities in the acclimatised 
strain, but as no marine forms of L. pusillus were available it was not possible 
to determine the relationship of the forms in question to the marine forms 
of this ciliate. 

The fresh-water strain of C. glaucoma was transferred to 50 per cent. sea 
water after having been cultivated in a medium of 25 per cent. sea water for 
five days. All attempts to obtain a culture in 75 per cent. sea water failed, 
however, the ciliate always dying out within a few days in the latter medium. 
In 50 per cent. sea water C. glaucoma was maintained for 130 days, passing 
through 12 subcultures. 

As stated already, the majority of previous works on the adaptation of 
ciliates to varying concentrations of salts in the medium were carried out 
with single salts, and only in a limited number of cases were natural mixtures, 
such as sea water, employed. The experiments in which sodium chloride 
alone was used can, however, be compared to a certain extent with those 
described above, in which the salt named is naturally predominant. It was 
demonstrated in my experiments that the fresh-water Uronema and Lembus 
were able to acclimatise themselves to a concentration of over 3 per cent. NaCl, 
i.e. to a concentration higher than that in which this salt occurs in most seas, 
whilst Cyclidium adapted itself to solutions of about 1-6 per cent. NaCl. 

In the experiments of Massart (1889) Glaucoma scintillans, Chilodon cucul- 
lulus and Vorticella nebulifera were able to endure a concentration of about 
1-5 per cent. NaCl. It must be noted, however, that, with the exception of 
C. cucullulus, the ciliates dealt with by Massart do not naturally occur in 
the sea. According to Yasuda (1897, 1900), Colpidium colpoda survives in 
0-5 and 1-5 per cent. and Paramecium caudatum in 0-6 and 1-0 per cent. NaCl, 
for several days, the first-named species being common to both fresh- and 
salt-water habitats. The observations of Balbiani (1899) are of a particular 
interest, as this author experimented with U. marinum (= U. nigricans?), 
which is referred to as “un organisme...naturellement adapté...4 la vie 
amphibie dans l’eau douce et l’eau salée.”” According to Balbiani, the fresh- 
water Uronema throve in a solution of 3 per cent. NaCl, 7.e. at a concentration 
equal to that in sea water, to which I also was able to acclimatise this ciliate. 
On the other hand, Paramecium aurelia, which was also used in Balbiani’s 
experiments, survived only five days in 0-8 per cent., and two months in 
0-5 per cent. NaCl. Moréa (1924) was able to keep Paramecium sp. in 0-8 per 
cent. NaCl for 17 days, and Urostyla grandis in 0-4 per cent. for 21 days. 
According to Yakimoff, Wassilewski and Zwietkoff (1925) Colpoda steini lived 
at a concentration of 0-07 per cent. NaCl for 15 days only. 

As the above records of previous work show, none of the ciliates experi- 
mented upon, whether they inhabited fresh water alone or both this medium 
and sea water, were able to withstand as high a concentration of NaCl as that 
tolerated by Uronema nigricans and Lembus pusillus in my experiments and 
in those of Balbiani on the former species, the highest tolerated concentration 
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hitherto recorded being that to which I succeeded in acclimatising Cyclidium 
glaucoma (1-5-1-6 per cent. NaCl). 

We may now consider some earlier observations on the adaptation of 
ciliates to variations of the salt content in their natural environment. 
A striking example of this kind was given by Cohn (1854). A species of 
marine Euplotes was kept in sea water in which the total concentration of 
salts was estimated as 4 per cent. (about 3 per cent. NaCl). When two-thirds 
of the water had evaporated and the concentration had risen-to 12 per cent. 
(about 9 per cent. NaCl) the ciliates were still alive. On gradual dilution of 
the water the ciliates were able to adapt themselves to a concentration of 
1 per cent. salts (0-8 per cent. NaCl). A more thorough investigation was 
recently reported by Gaievskaia (1926), who studied the effects of acclimatisa- 
tion in Cladotricha koltzowi, a new hypotrichous ciliate from the salt lakes 
of southern Russia, the natural salinity of which is 6 per cent. The author 
was able to acclimatise the ciliates to lower and higher concentrations, the 
range of salinity at which they were able to live being from 2 to 23 per cent., 
and the optimum between 9 and 16 per cent. It was found that the morpho- 
logical characters of the ciliate varied with the concentration of the medium. 
Thus, below 11 per cent. salinity its dimensions were 92u-96y x 24y, the 
body was flattened dorsoventrally, the ratio of length to breadth was 3-8 : 1, 
and the number of non-contractile vacuoles was small. At higher concen- 
trations the body underwent considerable diminution in size and became 
cylindrical, its dimensions at 23 per cent. salinity being only 35 x 5y and 
the ratio of length to breadth 7 : 1, whilst the number of vacuoles increased. 
Apart from this, the posterior spine (“épine postérieure”) present at low 
concentrations gradually disappeared at higher concentrations. When trans- 
ferred from 23 per cent. to lower concentrations the ciliate gradually reverted 
to its original condition. The process of adaptation in either direction occupied 
six months. In the experiments quoted the variation of the medium was 
mainly quantitative. The question of acclimatisation of ciliates to environ- 
ments, the composition of which varied qualitatively as well as quantitively, 
was dealt with by Enriques (1902, 1902 a, 1903). In one series of experiments 
on fresh-water ciliates increasing amounts of sea water were gradually added 
to their natural medium. It was found (Enriques, 1902 a) that the ciliates 
were very susceptible to the increase of salinity. Thus Halteria survived only 
11 days at a concentration of 0-1 per cent. NaCl; Chilodon was able to live 
several days at 0-3 per cent., whilst Gastrostyla became adapted for a short 
period to 0-5 per cent. NaCl. In two other series of experiments (Enriques, 
1902, 1903) marine ciliates were gradually transferred to water of lower 
salinity. The ciliates used were Euplotes charon, E. harpa, Chilodon cucullulus 
and Uronema marina. E. harpa and U. marina died out when the concen- 
tration fell to 0-5 and 0-27 per cent. NaCl in the two series of experiments 
respectively, whereas H. charon and Chilodon survived in about 0-01 per cent. 
The difference in resistance was, according to Enriques, due to the fact that 
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E. harpa, being a purely marine form, was unable to adapt itself to very low 
concentrations, whereas Chilodon and E. charon, which occur in fresh water 
as well, are capable of adjusting themselves to much lower concentrations, 
It also indicates, in the opinion of this author, that the fresh-water and 
marine forms of each of the last two ciliates belong to the same species. This 
conclusion was not, however, supported by any morphological observations, 
and no explanation was given for the failure of U. marina to adapt itself to 
water of lower salinity. However, as Enriques (1903) himself expresses some 
doubt regarding the exact systematic position of his Uronema, and quotes 
Blochmann in this connection (cf. p. 185), his identification of this ciliate 
cannot be accepted without reserve. Although the experiments of Enriques 
were conducted in the right direction, the limited range of concentrations 
to which his ciliates were able to adapt themselves and the lack of morpho- 
logical observations, render them inconclusive as far as complete acclima- 
tisation of the ciliates is concerned. Similar observations were very briefly 
recorded by other authors. Thus, Schewiakoff (1896, p. 79), after naming 
29 holotrichous ciliates common to both fresh and sea water (including 
U. marina, C. glaucoma and L. pusillus') states that he succeeded in trans- 
ferring them [species not indicated] from one medium to another by gradual 
addition of fresh water to salt water and vice versa. Doflein (1916, p. 349) 
appears to have been able to transfer Colpoda cucullus to almost pure sea 
water. 

As far as I am aware, the only observations on the morphological changes 
undergone by ciliates in the course of acclimatisation to environments of 
different salinity are those of Gaievskaia (1926) described above. Similar 
observations were, however, made on some Rhizopoda by Gruber (1890) and 
Zuelzer (1907) and on Mastigophora by Labbé (1925). Gruber’s experiments 
were conducted with Actinophrys sol, which occurs both in fresh and sea 
water. The marine variety has a dense and granular cytoplasm, whilst in 
the fresh-water one it is vacuolated. When gradually acclimatised to fresh 
water the marine forms assumed the structural peculiarities of the fresh-water 
ones, but resumed their normal appearance when returned to their appropriate 
medium. Zuelzer succeeded in acclimatising Amoeba verrucosa to pure sea 
water, in which its contractile vacuole and the differentiation between ecto- 
and endoplasm disappeared and the body became tuberculated. When 
gradually returned to fresh water the amoebae reverted to their normal 
appearance. The observations of Labbé (1925) were made on flagellates of 
the genus Dunaliella, two distinct forms of which, D. kermesina and D. viridis 
nana, live in over-saturated salt lakes. On gradual dilution of the natural 
medium with fresh water the first-named species disappears, while the second 
assumes the habitus of the type-species, D. viridis. When the concentration 
of the medium is again increased—by addition of sea water or by evaporation 
—D. viridis gives rise, on the one hand to the dwarf variety, D. viridis nana, 


1 Erroneously referred to as L. elongatus (cf. p. 161). 
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and on the other to D. kermesina. These observations, if confirmed, would 
afford a most striking example of variation in Protozoa under the influence 
of changes in the saline concentration of the environment. 

The experiments on the acclimatisation of Uronema nigricans, Lembus 
pusillus and Cyclidium glaucoma have thus demonstrated that these ciliates 
possess the power of adjusting themselves to wide variations in the salinity 
of the environment, a property which they share with some other ciliates of 
similar habits, in contrast to purely marine or fresh-water. species, whose 
resistance to such changes is so limited that they can tolerate them for a short 
time only. It was also pointed out that the morphological difference between 
fresh-water and marine forms of U. nigricans is by no means fixed, but is 
dependent upon the particular environment in which they happen to be living. 
When this is altered they undergo corresponding changes. The morphological 
difference between the two strains of this ciliate, though slight, would justify 
their separation into subspecies or races, if it were not for the fact that the 
difference is not permanent and is determined by environmental conditions. 
The two forms of Uronema may, therefore, be regarded as modifications, or 
morphas. The latter term was proposed by Semenov-Tian-Shansky (1910) 
for forms in which the characters distinguishing them from the type remain 
constant only as long as they are subjected to the continuous influence of 
certain external factors, but revert to those of the type in the absence of the 
latter. 

In the case of C. glaucoma the morphological distinction between the two 
strains is rather more pronounced and the fresh-water forms were found to 
be stenohaline, their power of adaptation to increased salinity not exceeding 
that of other purely fresh-water species. As already suggested (p. 181), it is, 
therefore, possible that the distinction between the two strains of Cyclidium 
is of a permanent character, the two forms representing subspecies or races. 

It should be noted here that in the experiments described no attempt was 
made to isolate “pure lines” of the ciliates, the strains dealt with having 
been started from more than one individual, and thus representing ‘‘ popula- 
tions.” It would, of course, be interesting to know whether, for instance, a 
population of U. nigricans consisted of “pure lines” differing in their adapta- 
bility to variations in the saline concentration of the environment, and to 
make a differential study of such stocks. This would, however, necessitate a 
special investigation, which is beyond the scope of this work. 


V. Coprozoic HaBits OF THE CILIATES DESCRIBED, WITH REFERENCE 
To “URroNEMA CAUDATUM.” 

In the general account of Lembus pusillus, Cyclidium glaucoma and 
Uronema nigricans it was pointed out that these ciliates appear to feed 
exclusively on bacteria, and thrive especially well in media favouring an 
abundant development of these organisms. The habits of these ciliates have 
already been commented upon by earlier observers. Thus, Quennerstedt 
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(1869) always found L. pusillus in sea water which had been allowed to stand 
for several days; Kent (1881) remarked that this ciliate occurs among decaying 
vegetable matter; van Rees (1884) encountered it in polluted water, while 
Gourret and Roeser (1886), who found it in the port of Marseilles, described 
the habitat as ‘eaux absolument putrides.” The predilection of this species 
for decomposing matter was also noted by Mobius (1888). According to 
Schewiakoff (1896), all species of Lembus live on the surface of decomposing 
waters, in the bacterial films, and Calkins (1902) found ZL. pusillus under 
similar conditions. Wallengren (1918) stated that this species occurs “vor 
allem im Meerwasser mit faulenden organischen Teilen,’”’ and—together with 
L. elongatus—is able to survive in such media after all other ciliates—including 
Uronema and Cyclidium—have already disappeared. The habits of C. glau- 
coma and U. nigricans are similar. Van Rees (1884) and Gourret and Roeser 
(1886) noted that the former occurs in putrid waters; Mereschkowsky (1877) 
found it in the sea wherever decomposing matter was abundant. According 
to Biitschli (1889), this species thrives especially well in infusions of animal 
substances. Schewiakoff (1896) found it amongst rotting algae or in bacterial 
films on foul waters. U. nigricans was observed by Dujardin (1841) in sea 
water “devenue fétide”; Cohn (1866) usually found this ciliate amongst de- 
composing particles of meat; Mereschkowsky (1877) noted its abundance 
amongst decomposing plants, and Maupas (1883) states that all members of 
the genus Cryptochilum (to which U. nigricans was referred) “ne craignent 
point les eaux putrides.” Stokes (1887), speaking of Saprophilus agitatus, 
which is probably identical with the species under consideration, says: “‘ These 
animalcules are essentially scavengers, greedily appropriating decaying animal 
fragments, swarming in crowds around and within the dead bodies of various 
small aquatic animals.” According to Roux (1901), Cryptochilum nigricans 
(= U. nigricans) shows a predilection for foul waters, “les préfére méme et 
s’y multiplie énormément,” while Alexeieff (1917, 1926) recorded this ciliate 
from infusions of cow dung. 

It is, of course, a matter of common knowledge that ciliates occur in 
infusions of all sorts, and it might therefore seem that the detailed account 
given above was superfluous, if it were not for the fact that the ciliates de- 
scribed here show a predilection for organic matter in a state of advanced 
decomposition to a degree not observed in the case of most other free-living 
ciliates. Considering the natural mode of existence of these forms, it is not 
surprising that the faecal suspensions employed for their cultivation proved 
to be a particularly favourable medium, and this is especially true of L. pusillus, 
which, as stated before (p. 154), was originally discovered by me in diluted 
canine faeces. 

In the cultures used for maintaining the strains, the medium was made 
up of small portions of human faeces suspended in either boiled tap or sea 
water, according to the nature of the experiment. Usually a piece about the 
size of a pea was mixed with about 40 c.c. of water and distributed in test- 
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tubes or small flasks. In such a medium the ciliates multiplied till a con- 
siderable number were present and could be maintained for indefinite periods 
by subinoculation into fresh tubes as soon as the food supply became exhausted. 

In cultivating the ciliates it was the usual practice to test the reaction 
of the medium by colorimetric methods. It was found that in normal human 
faecal suspensions the reaction was usually slightly alkaline, the hydrogen-ion 
concentration varying from pH 7-4 to pH 8-0, and further experience has 
shown that the optimum reaction for these ciliates lies within this range. 
A number of experiments were also carried out to test their general suscepti- 
bility to variations in the reaction of the medium, using L. pusillus in most cases. 

Exp. 1. A series of solutions of NaOH and HCl in varying concentrations 
were prepared and distributed in capillary tubes with equal volumes of water 
containing L. pusillus, the ciliates having been washed and centrifuged three 
times. The total concentrations of the NaOH solutions varied from N/80 to 
N/960, and those of HCl from N/2720 to N/260, thus affording a theoretical 
range from pH 2-0 to pH 13-0. The tubes were sealed at the ends and examined 
at intervals. It was found that the ciliates survived for 15 minutes in N/120 
NaOH, as long as 48 hours in N/400 NaOH and N/2720 HCl, and only 
15 minutes again in N/300 HCl, being rapidly killed by N/100 NaOH and 
N/280 HCl. The theoretical reactions at which they survived during 48 hours 
were, therefore, approximately between pH 4-0 and pH 11-0. 

Exp. 2. Human faecal suspension was distributed in test-tubes, the reac- 
tions were adjusted (using N/10 solutions of NaOH and HCl) to approximately 
pH 10-5, 9-5, 7-5, 7-0 and 5-5 in the different tubes, which were then inoculated 
with Lembus. Growth was obtained only at pH 7-0 and pH 7:5. 

Exp. 3. Medium as in preceding experiment. Lembus inoculated into 
seven tubes. 


Table IV. 

Nos. sete Sas 1 2 3 + 5 6 7 
pH (original) 10-5 9-5 8-5 78 6-5 5-6 4-5 


In this experiment, no growth was obtained below pH 5-6 and above 
pH 8-5, but when the reaction in culture No. 1 changed from pH 10-5 to 
pH 8-2 the ciliates made their appearance. The results indicate that the 
reactions between pH 9-0 and 10-5 inhibited growth, without killing the 
ciliates, but at pH 4-5 they were apparently killed. 

Exp. 4. A weak human faecal suspension was filtered and distributed in 
eight tubes, the reactions being adjusted from pH 9-0 to pH 4-5, and stabilised 
by adding to each tube a corresponding buffer solution. For this purpose 
Na,HPO, (pH 9-5) and NaH,PO, (pH 4-0) were combined in varying pro- 
portions. Lembus was again used in this test. 
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Table V. 

Nos. iow ane 1 2 3 4 5 6 7 8 
pH (original) 9-0 8-0 7-4 6:8 6-0 55 5-0 45 


This experiment, in which the original reactions remained practically un- 
changed, show that the range at which L. pusillus grew was between pH 5-0 
and pH 9-0, whilst, as before, the ciliates were unable to develop at pH 4-5. 

Exp. 5. In this experiment the conditions were varied by first allowing 
Lembus to grow at a favourable reaction (pH 7-4), and then changing the 
reactions in the different tubes. 


Table VI. 

Nos. pee ons 1 2 3 4 5 
pH (original) 74 7-4 7-4 74 7-4 
pH 8-0 8-0 8-0 8-0 8-0 
Results } After 5 days “ae + + + + 
pH (readjusted) 10-0 9-0 8-0 6-0 45 
Results after 1 to 8 days + + + + = 


From this table it is seen that acidification of the medium to pH 4:5 
inhibited the development of the ciliates, whereas an increase of alkalinity 
to pH 10-0 did not appear to affect them. 

Exp. 6. Eight samples of canine faeces! were diluted with water and 
inoculated with Lembus. The reactions of these suspensions showed a wide 
variation and were not artificially readjusted. 


Table VII. 

Nos. site ion 1 2 3 4 5 6 7 8 
pH (original) 78 7:8 76 6-0 55 50 40 4-0 
pH 8-0 78 78 6-0 5-0 55 4-0 40 
Results } After 3 days { + + - 


In this case no growth was obtained in the whole acid series (Nos. 4-8). 

The above experiments and other observations made in the course of 
this work show that L. pusillus requires a slightly alkaline medium for its 
successful development, the optimum range of reactions being approximately 
between pH 7-4 and pH 8-0. It easily tolerates an increase of alkalinity up 
to pH 9-0, and even pH 10-0. The limit of acidity at which the ciliates can 
still grow appears to be approximately pH 5-0, pH 4-5 inhibiting their de- 
velopment, and apparently killing them. 

The requirements of the two other species are somewhat similar. Uronema 
nigricans was able to develop between pH 8-5 and pH 5-6, and Cyclidium 


? Obtained from the Royal Veterinary College through the courtesy of Dr A. L. Sheather 
and Mr F. Ware. 
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glaucoma between pH 9-5 and pH 5-6, the optimum range for both being 
approximately the same as for L. pusillus. 

Since one of the objects of this work was to study the coprozoic habits 
of the ciliates under consideration, every opportunity was taken of cultivating 
them in animal excrements. For this purpose samples were taken from stools 
of normal human individuals and various cases of intestinal disorder, the 
latter having been obtained from the Hospital for Tropical Diseases, through 
the courtesy of Dr H. B. Newham. In order to vary the conditions to which 
the ciliates were subjected and to obtain the fullest data regarding their 
viability in faecal matter, I have contrived to have as many varieties of 
stools represented as possible. I had at my disposal altogether over 30 samples 
of stools from 11 cases of different diseases and of varied consistency. As a 
rule, the ciliate cultures were initiated in undiluted faeces, in the form in 
which they had actually been discharged. For comparison, parallel cultures 
were in most cases made in diluted faeces as well. The reaction of the medium 
was tested in all cases. As there is some difficulty in describing the stools 
and no generally accepted terminology seems to exist, I have adopted the 
classification proposed by Dobell and O’Connor (1921). The results of the 
experiments on cultivation in faeces are recorded in Table VIII. 

The results show that, although the artificial dilution of the faeces is very 
favourable to the growth of ciliates, which may be said in general to develop 
the more readily the more fluid the medium, this does not always apply to 
undiluted stools of varying consistency. Thus, L. pusillus was unable to 
grow in normal formed faeces, but developed when these were slightly diluted 
with water. Likewise, there was no growth of any of the ciliates named in 
loose semi-solid faeces, except in the case of Lembus which developed in a 
sample from a case of amoebic dysentery containing mucus. It will be shown, 
however, that this substance is particularly favoured by this ciliate. Out 
of seven samples of loose, soft faeces Lembus grew in four, and, after dilution, 
in two more; Uronema—in one undiluted and five diluted; Cyclidium in none 
undiluted and in four diluted. Lembus further developed in all the samples 
of diarrhoeic soft stools; Uronema in none of these, but in one after its dilution, 
whilst Cyclidium did not grow in any of these samples, whether diluted or 
not. In diarrhoeic liquid faeces Lembus developed in three out of nine undiluted 
samples, and in one diluted one; Uronema and Cyclidium grew only in two 
diluted samples. In undiluted liquid dysenteric stools Lembus developed 
in one out of four samples, whilst Uronema and Cyclidium developed in 
none. 

As regards other factors which may have influenced the growth of ciliates 
in faecal cultures, they were of course too numerous and diverse to be deter- 
mined even approximately. It was found, however, that the presence of 
crystals of ammonium magnesium phosphate in the faeces, indicating an 
admixture of urine with the stool, invariably inhibited the growth of the 
iniusoria (see Table VIII, Nos. 39, 39 a, 49-54, 68-70), while in the case of 
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Table VIII. 
Cultures of Lembus, Uronema and Cyclidium in Human Faeces. 


ABBREVIATIONS: 
L =Lembus. f =Free ciliates. 
U = Uronema. c =Cysts. 
C =Cyclidium. + =Growth of ciliates. 
— =No growth of ciliates. 


Description of Stool Ciliate 


No. Consistency Origin pH Dilution Species Stage Results Remarks 
(7-6 Undiluted 
> Normal human Diluted 
b 


} Normal human 

Loose, semi- 

solid = of amoebic 
dysentery 


OPW NN 
| 


Loose, soft = of kala- 


(mucus) azar 
4 


Diluted 
| Case of Undiluted 
diarrhoea Diluted 
Undiluted 
Diluted 
Undiluted 
Diluted 
Case of bacillary Undiluted 
( dysentery Diluted 
Undiluted 
Diluted 
Undiluted 
Diluted 
Case of amoebic 2 Undiluted 
dysentery Diluted 
Undiluted 
Diluted 


Undiluted 
Diluted 


>Case of sprue Undiluted 
Diluted 
Undiluted 
Diluted 
Undiluted 
Diluted 


of colitis < Undiluted 


In the case of un- 
diluted faeces su- 
pernatant fluid ap- 
peared 


> Loose, soft 


St Sr or gorge 


Diluted 
Undiluted 
L Diluted 


Diluted 
Undiluted 
Diluted 
Undiluted 
Diluted 


Diarrhoeic, of ‘3 Undiluted 


| ‘8 Undiluted 


Case of black- 
water fever 


(it tit +4414 1 


soft hepatitis appeared 


SSS SSE 


fluid 
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No. 
30 
31 
32 
33 
33 
34. 
35 
35, 
36 
36 
37 
38 
39 
39, 
40 
41 
42 
7 7-6 99 43 
9a 44 
10 45 
l0a 46 
ll 47 
lla 48 
12 49 
l2a 50 
13 51 
14 53 
l4a 
15 
16 
l6a 
17 
l7a 
18 7-4 
184 ” 
18 b 
18¢ 
19 
194 
20 
20a 60 
60 
2la 
22 
22a 63 
23 
23 a 
24 Encysted 66 
24a 67 
25 68 
25a ” 69 
26 ” 70 
26a 
27 71 
28 
29 
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Table VIII (continued). 


Description of Stool Ciliate 


No. Consistency Origin pH Dilution Species Stage Results Remarks 


30) Case of liver cir- (7-1 Undiluted + 
rhosis (treated ~ 
with Bi) 


Diarrhoeic, 
soft (cont.) 


Diluted 
Undiluted 
Diluted 
Undiluted 
Diluted 


Undiluted 


Case of colitis 


6 Diarrhoeic, 
ic 


(mucus) 


39 jem of colitis 


Case of perni- 
cious anaemia 


Peer tet 


SSS, 


| Crystals of ammon- 
— [ium magnesium 
= present 
in faeces 


Case of sprue 


SRO 


75 = 
un- Case of malaria< ,, 
| Crystals of ammon- 
P Diarrhoeic Case of ankylo- 7-8 


stomiasis (treat- 
ed with san- 
tonin) 


liquid 


! 


rs 


Case of bacterial Diluted 
dysentery 
(treated with Undiluted 
yatren) Diluted 
Undiluted 
Diluted 
Undiluted 
Diluted 


Undiluted 
of malaria Diluted 


Supernatant fluid 
appeared in undi- 
luted faeces 


ao 


Undiluted 
L Diluted 


” Undiluted 
Chiefly of colitis 


mucus 


Reaction too acid 


Dysenteric (Cases of bacil- 
liquid lary dysentery 
(mucus 

abundant) 


present 


Case of amoebic | 9 
l dysentery }s ° 


4 
209 
33 fre 
33.4 fe 
344 
35 
35a 
4 
41 
42 ” 
43 ) ” 
44 ” 
45 Undiagnosed 
46 cases 
47 
48 
54 
” J 
55 ” ] 
55a ” ” 3 
55 b | 
55 ¢ 
56a | 
57 J 
57a 
58 
58 a 
59 
59 a 
60 
60a 
61 
| 
63 
64 8-3 
66 ” ” 
67 ” ” ~~ 
68 > 
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Nos. 65-67 the acidity of the medium (pH 6-0) might have been responsible 
for the negative results. If these cases are excluded, it will be found that 
Lembus grew in 14 out of a total of 22 samples (about 64 per cent.) of un- 
diluted faeces, and in three of the negative samples on their dilution. Uronema 
grew only in 1 out of 18 undiluted samples (5-5 per cent.), and in eight of the 
latter after dilution, whilst Cyclidium did not develop in any of the undiluted 
faeces, but grew in five out of nine cases after dilution. The pathological 
condition of the faeces employed did not appear to have any appreciable 
influence upon the ciliates, which developed quite well in most of the stools, 
even in those of cases treated with drugs (cf. Nos. 30, 55a, 55 b, 55, 56a, 
57 a), traces of which were sometimes visible in the stools (e.g. bismuth in 
No. 30). As already mentioned, the presence of mucus in the stool had a 
distinctly favourable effect upon the growth of L. pusillus (cf. Nos. 36, 61, 
71), which developed abundantly in almost pure mucus from a case of colitis 
(No. 61). The suitability of such media for the development of this ciliate 
can be illustrated by the following account of one of the experiments appearing 
in Table VIII. 

Exp. 71. A sample of a stool was obtained from a case of amoebic dysen- 
tery. The faeces contained a large amount of mucus mixed with blood, and 
numerous amoebae. The material was placed in a small glass cylinder plugged 
with cotton-wool. L. pusillus was inoculated into the fresh undiluted faeces 
on April 17th, 1925. For a week the ciliates multiplied rapidly, until the 
faeces presented a seething mass of organisms moving about slowly and with 
difficulty. By degrees the faeces became denser and the ciliates commenced 
forming cysts, which were predominant on the 10th day of cultivation. 
Towards the 32nd day the faeces became very condensed, and cysts alone 
could be found. About a month later a layer of fluid became separated from 
the solid part of the faeces, and a fair number of small active ciliates appeared 
in the fluid, whereas the solid portion contained cysts alone. When examined 
on the 85th day of the experiment, the faeces were reduced to a thin dry film 
at the bottom of the tube, with cysts embedded in it. It could be seen that 
the contractile vacuoles were still pulsating slowly. When a small portion of 
the dried faeces was mixed with a drop of tap water, the ciliates began to 
excyst after the lapse of one hour. 

In general, if a culture was established in undiluted faeces, the ciliates 
multiplied in this medium for at least one week, whereas in diluted faeces 
their length of life was considerably longer. In all cases the cultures were 
kept at room temperature. 

If the results obtained with the three ciliates are compared, it will be 
seen that the coprophilic habits were most strongly represented in L. pusiilus; 
U. nigricans comes next, and the last place is occupied by C. glaucoma. The 
special predilection of Lembus for faecal matter shown under experimental 
conditions is in keeping with its natural habits, as evidenced by the literary 
data, and with its occurrence in canine faeces, from which the strain was 
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originally isolated. In order to throw some light on the origin of L. pusillus 
under the circumstances described above (p. 154), a series of experiments on 
its viability at high temperatures and in passage through the mammalian 
intestine were conducted. 

The average body temperature in most mammals being about 37° C., 
attempts were made to cultivate Lembus at this temperature. Since in nature 
the ciliates or their cysts would have to pass directly from the temperature 
of their environment to that of the intestine, no attempts were made to adapt 
them to the high temperature gradually. In a number of experiments made 
at different times, cysts of Lembus were inoculated into suitable media divided 
into two series, one of which was left at room temperature and the other 
placed in an incubator at 37°C. At room temperature the ciliates invariably 
excysted after 24 hours. Those kept at 37° C., however, showed no signs of 
excystation when returned to room temperature after incubation from 24 to 
72 hours, though kept under observation for periods up to 12 days. The 
ciliates were apparently killed by the high temperature, their bodies being 
shrivelled up within the cysts (see p. 173, and Pl. XI, figs. 56-58). These 
experiments show that Lembus does not tolerate a sudden increase of tem- 
perature to 37°C. It was found, however, that it could easily be cultivated 
at 24° C. 

As dogs were not available, the feeding experiments were conducted on 
four young mice. These were deprived of food for about 12 hours (overnight) 
and then placed in separate jars, containing saw-dust at the bottom to absorb 
the liquid excreta and a raised platform of wire-netting on which the droppings 
could be collected. Previously to the experiment, cultures of L. pusillus were 
obtained on four agar plates which were allowed to dry until an abundant 
supply of cysts was available. Their viability was demonstrated by cultures 
in suspensions of the faeces taken from the experimental mice. 

Between 2 and 3 p.m. on the day following the isolation of the mice, they 
were fed on bits of bread smeared with the scrapings of the agar cultures, 
each mouse having ingested with the bread the contents of practically a 
whole culture, containing hundreds of cysts. In order to ensure against 
possible contamination of the faeces by cysts that might have been strewn 
about during the meal, the wire-platforms were removed from the jars, dipped 
for several minutes in boiling water, and replaced. The mice then received 
their usual ration of food for the night. Next morning the faeces of the mice, 
recovered directly from the anus and from droppings were examined, but 
no ciliate cysts were found. In two mice a fair number of unsegmented oocysts 
of Eimeria falciparum were seen. These were practically indistinguishable 
from cysts of L. pusillus in which the ciliate has become detached from the 
walls (cf. Pl. XI, fig. 53), their true nature being definitely established several 
days later, when they commenced to sporulate. Nearly the whole of the 
faeces voided on this morning were suspended in tap water to enable any 
cysts that had passed through the intestine undetected to develop in a suitable 
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medium. The wire flooring of the jars was again boiled, and fresh faeces 
examined on the following day. The results were again negative. Suspensions 
of these faeces and of those of the day before were kept under observation 
for seven days, and then discarded, since the ciliates, if present in the faeces, 
had had ample time to develop. This experiment affords sufficient evidence 
that the cysts of L. pusillus do not survive the passage through the intestine, 
since no ciliates developed in the faeces discharged by the mice after feeding 
on cysts, though placed in conditions favourable for their normal develop- 
ment. From the negative results of the feeding experiments and those ob- 
tained in the attempts to cultivate the ciliates at 37° C., it may be reasonably 
inferred that the strain of Lembus found by me in canine faeces had not passed 
through the dog’s intestine, but must have contaminated the faeces outside 
the body. 

Having established the fact that the free-living ciliates, L. pusillus, 
U. nigricans and C. glaucoma are capable in varying degrees of leading a 
coprozoic existence, we may now consider the bearing of these results upon 
certain ciliates recorded from human faeces under the name “ Uronema cau- 
datum” and described as parasites. Other cases of a similar nature may be 
omitted, since the ciliates named alone bear a strong likeness to those dealt 
with in this paper. 

The name “ Uronema caudatum” was given by Martini (1910) to a ciliate 
found in Tsingtau in the faeces of four patients suffering from diarrhoea with 
symptoms of amoebic dysentery, and passing formed stools with patches of 
bloody mucus. Having failed to discover any dysentery amoebae or bacilli, 
the author concluded that the ciliates were parasitic and caused the complaint 
described. He did not state whether the faeces were examined immediately 
on being discharged or whether they were diluted, but observed that they 
grew in a saline solution with mucus from the stool for several weeks at room 
temperature. This fact lead the author to suggest that the ciliates probably 
occurred in fresh water from which man acquired the infection. The condi- 
tions described are not, however, consistent with a parasitic mode of existence 
and indicate that the ciliates were really coprozoic, having accidentally con- 
taminated the material examined. As described by Martini, “U. caudatum” 
—reproduced in Text-fig. 3, A—measured 30u-43y by had an 
elongated oval body, the anterior end being narrower than the posterior. It 
had a peristome running from the anterior end to beyond the middle of the 
body, where it became dilated, and a single contractile vacuole in the posterior 
end. Its cilia appeared to be scanty and long (about 10) and a caudal seta 
about 20u long was present. There were apparently only a few ciliary rows, 
three of which are depicted and mentioned in the text. Martini’s description 
does not afford sufficient criteria for determining the exact systematic position 
of the ciliate observed. Dobell (Dobell and O’Connor, 1921) believed it was 
a Cyclidium, and there is much to be said in favour of this interpretation, 
the peristome of this ciliate, as figured and described by Martini, being in all 


respé 

As 

—th 

I 
not | 

spici 

othe 
the 

peris 

that 

as 
view 

Text 

obs 

fav 

dat 

(19 

cas 

Th 
not 

tio 

wa 

an 

in 

fot 

Ya 


C. A. Hoare 213 


respects similar to that of Cyclidium (cf. Text-fig. 3, A, and Pl. XII, fig. 63). 
As regards the other characters—shape of body, ciliation, contractile vacuole 
—they can be applied equally well to Uronema and even Lembus, as was 
demonstrated in the general account of these ciliates. 

It should be noted that Martini in describing his ““U. caudatum” does 
not refer at all to the undulating membrane, a structure which is quite con- 
spicuous in Cyclidium, but easily escapes detection in Uronema. On the 
other hand, the outline of the peristome of U. nigricans, when viewed from 
the ventral surface is hardly distinguishable from the posterior half of the 
peristome of C. glaucoma, and on superficial examination it is easy to imagine 
that it starts from the anterior end of the body, as in the latter species and 
as some observers actually described it in Uronema and Cryptochilum. In 
view of these facts it is not improbable that Martini actually may have 


Text-fig. 3. ‘“‘ Uronema caudatum.” A, after Martini (1910); B, C, after Yakimoff and Kolpakowa 
(1922). (Copied by B. Jobling.) 


observed a Uronema, although it must be admitted that the evidence in 
favour of it being a Cyclidiwm is stronger. Another case in which “U. cau- 
datum” is alleged to have been found in human faeces was reported by Fischer 
(1914) from Shanghai, but no description of the ciliate was given. 

Between 1921 and 1925 Yakimoff and his collaborators recorded four more 
cases of what they assumed to be “Uronema caudatum” infections in man. 
There are at least eight papers dealing with this question, and to get a complete 
notion of the authors’ views it is necessary to take all of them into considera- 
tion, since the various versions are not consistent throughout. The first case 
was that of a soldier suffering from diarrhoea and passing stools with blood 
and mucus (Yakimoff and Kolpakoff, 1921, 1922). The ciliates were first seen 
in a culture of the faeces on agar medium, in which they appeared on the 
fourth day of cultivation (I.c. 1921). Three more cases were recorded by 
Yakimoff (1921, 1922 a) and by this author in collaboration with Wassilewsky 


ns 
on 
ce 
e, 
b- 
ly ig 
id 
le 
a 
S = 
\ 
f 
A B | 


214 Studies on Coprozoic Ciliates 


(1925). In two of these (bacillary dysentery and diarrhoea respectively) the 
ciliates were again found only in cultures, but on the fourth occasion they 
are said to have been seen by direct examination of the faeces from a case 
of cholera (Yakimoff, 1922 a). It would thus appear that the infusoria were 
at least once found under circumstances which might suggest that they were 
discharged with human faeces. However, from the French version of this 
record (Yakimoff, 1921) it appears that the sample of the stool had been sent 
to the laboratory. and, therefore, could not have been examined by the 
author in freshly passed condition. It had evidently been for some time 
outside his control. In all cases the ciliates grew readily in artificial media 
in company with a number of other Protozoa, such as Prowazekia (= Bodo), 
Pararhizomastix (= Rhizomastix), Oikomonas, Copromastix—all well-known 
coprozoic flagellates—and the free-living ciliate, Colpoda steini. In the cases 
recorded by Yakimoff and his collaborators, the non-parasitic nature of 
“U. caudatum”’ is more obvious than in those of Martini, and indeed the 
authors themselves unwittingly reveal its coprozoic nature. Yakimoff, how- 
ever, regarded this ciliate not only as parasitic, but pathogenic (Yakimoff, 
1924), though at first (1922 a) he expressed himself more guardedly, not being 
able to decide which of the numerous Protozoa found in the faecal cultures 
were responsible for the intestinal disorders observed. It is difficult to 
understand why this author sought to implicate any of these organisms in 
diseases the nature of which was already known to him. In two other papers 
Yakimoff (1922, 1922 6) states that “Uronema caudatum”’ was several times 
recovered in cultures from the Neva water and concluded that the river was 
the source from which man naturally derived his “infection.” This obser- 
vation coupled with the circumstances under which the ciliates were found 
in association with human faeces only serves to support my contention that 
the occurrence of this ciliate, together with other free-living Protozoa, in 
human faecal cultures was purely fortuitous. 

The ciliate itself was identified by Yakimoff and his co-workers with 
Martini’s ““ Uronema caudatum.” A glance at the figures representing the two 
forms (Text-fig. 3, A, B, C), however, at once reveals two distinct ciliates. 
According to the description and figures of Yakimoff and Kolpakoff (1921, 
1922) the ciliate observed had an ovoid body, pointed anteriorly and bearing 
a long caudal seta at the posterior end. The peristome was said to be in the 
anterior half of the body; the nuclei were in its anterior third, and a terminal 
contractile vacuole was present. In spite of the incomplete description and 
crude figures it is easy to recognise Lembus pusillus in Yakimoft’s “U. cau- 
datum” (cf. Pl. IX, figs. 12, 14; Pl. XIII, fig. 82 and Text-fig. 3, B, C), which 
has the same characteristic pear-shaped body, arrangement of nuclei and 
vacuole. Although the authors describe a peristome, it is not evident that 
they actually saw it, as the cleft in fig. C (Text-fig. 3), purporting to show it, 
apparently represents the outer margins of the undulating membranes (on 
the right) and the right margin of the peristome (on the left) (cf. Pl. IX, 
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fig. 9). As the authors observe, this structure appears alternately on the right 
and left sides of the body when the ciliate rotates. Under similar conditions, 
ie. when observed alive, the edges of the membranes of L. pusillus always 
appear as a rod protruding from the side of the body, the membranes them- 
selves being invisible. The latter fact is unconsciously represented in Text- 
fig. 3, C, in which the anterior end of the “peristome” is left open. It is 
interesting to note that in a further contribution Yakimoff (1924) already 
refers to an undulating membrane in this ciliate, though it is nat evident that 
he had re-examined it. Another point in common with L. pusillus is the small 
number of ciliary rows in “U. caudatum,” referred to by Yakimoff and 
Kolpakowa (1922) as “ powerful mionemes.” 

It is thus seen that the ciliates found by Martini and Yakimoff and his 
collaborators in association with human faeces represented coprozoic organ- 
isms, their nature being especially convincingly demonstrated by the last- 
named authors. Though referred to the same species, ““Uronema caudatum,” 
the ciliates seen by the German and Russian observers belong to different 
species, those observed by Martini representing a Cyclidium, or possibly a 
Uronema, whilst the ones described by Yakimoff show all the characteristics 
of Lembus pusillus. As far as I am aware, Buisson (1923) was the only author 
to draw attention to a distinction between Martini’s and Yakimoff’s ciliates. 
In view of the ease with which the representatives of the three genera dealt 
with in this paper can be cultivated in faecal matter, the occurrence of similar 
(or identical) ciliates under the conditions described by the above-named 
observers is not surprising and finds a ready explanation. 

It is a noteworthy fact, however, that although numerous other Protozoa 
(Rhizopoda and Mastigophora) were found living in the excrements of various 
animals (ef. Woodcock, 1916; Alexeieff, 1917, 1926; Yakimoff and Kolpakowa, 
1922, and others), ciliates have only occasionally been observed in such media. 
Thus Woodcock (1916) states that “ciliates are extremely rare” in the dung of 
sheep and goats, which provided him with an abundant material of flagellates. 
In fact a species of Colpoda was the only ciliate recovered by this author 
from the faecal cultures. Ciliates were, however, numerous in infusions of 
the hay on which the ruminants fed. The conclusion arrived at by Woodcock 
is that “either the cysts of these...ciliates are not able...to withstand the 
digestive juices of the alimentary tract, or else the dung-medium is not nearly 
so suitable an environment for their activities as the moistened hay alone.” 
The only ciliates found by Alexeieff (1917, 1926) in various infusions of horse 
and cow dung were Cryptochilum nigricans (= Uronema nigricans), Colpidium 
colpoda, and species of Colpoda, Lionotus and Vorticella. It may be noted 
here that Yakimoff and Kolpakowa (1922) also recorded Colpoda steini from 
human faecal cultures. Other coprozoic ciliates from human faeces have been 
dealt with by Dobell (Dobell and O’Connor, 1921) and Wenyon (1926) in 
sufficient detail. 
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VI. Summary. 


This paper contains a revision of the morphology and classification of 
three species of holotrichous ciliates, Lembus pusillus, Cyclidium glaucoma and 
Uronema nigricans (= Uronema marina Dujardin, 1841 = Cryptochilum nigri- 
cans Maupas, 1883 = U. marina et U. marinum auctorum, pro parte), together 
with various observations on their biology. The revised data on these species 
are summarised in the diagnoses preceding their description. 

The close resemblance between U. nigricans and the other species described 
has led to its transfer from the family Chiliferidae to the family Pleuronemidae, 

Cyst formation in L. pusillus is described for the first time. The cysts, 
when fully formed, are provided with a double-layered wall, to which the 
body of the ciliate is more or less closely adherent. When preserved in dry 
condition, the cysts retain the same structure and are able to hatch after 
several months. Excystation is brought about by active rupture of the 
cyst-wall on the part of the ciliate. The primary cyst does not, however, 
afford adequate protection to the ciliate in a fluid medium. After remaining 
in the latter about three weeks, the animal secretes a cyst of the second 
order, in which it remains viable some time longer, but if left in the fluid, 
the ciliate ultimately dies, gradually breaking up into a number of granules. 

In order to establish the relationship of the marine and fresh-water forms 
of the same species, experiments on their acclimatisation to the opposite en- 
vironment were conducted. The fresh-water U. nigricans adapted itself to 
pure sea water within 12 days and developed for 12 months in this medium, 
in which it is still being maintained. The marine U. nigricans was gradually 
transferred to fresh water, in which it was kept for 60 days. Observations on 
the morphological changes undergone by this ciliate in the course of acclima- 
tisation show that the fresh-water forms living in sea water gradually acquire 
the habitus of the marine ones, and that the latter undergo the reverse change 
in fresh water. The characters distinguishing the two strains of U. nigricans 
being insignificant and transitory, the two forms are regarded as constituting 
a single species. 

The fresh-water L. pusillus required eight days for acclimatisation to sea 
water, in which it was maintained for 163 days without exhibiting any 
morphological changes. 

Attempts to acclimatise the fresh-water C. glaucoma to pure sea water 
failed, but in 50 per cent. sea water it grew for 130 days. The morphological 
and biological differences between the fresh-water and marine strains of 
C. glaucoma are probably sufficient for them to be regarded as sub-species 
or races. 

Experiments were conducted on the cultivation of these ciliates in faecal 
matter from normal and diseased human subjects, and varying widely im 
consistency. Tests on the influence of the reaction of the medium upon the 
growth of the ciliates showed that they prefer a slightly alkaline medium 
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(pH 7:4-8-0), but are able to tolerate an increase of alkalinity up to pH 9-0- 
10-0, whilst the acidification of the medium beyond pH 5-0 inhibits their 
growth. 

As regards the facility with which these ciliates grew in faecal cultures, 
Lembus occupied the first place, having developed in the majority (64 per cent.) 
of samples of pure (7.e. undiluted) faeces, and in all those slightly diluted with 
water. The second place belongs to Uronema, which grew in all the diluted 
specimens and in one undiluted, whereas Cyclidiwm was unable to grow in 
pure faeces, but developed in about half of the diluted samples. All these 
ciliates were successfully cultivated in suspensions of human and animal faeces. 

The coprozoic habits of the ciliates in question are compared with the 
records for ““Uronema caudatum,” comprising a number of ciliates described 
by some authors as human intestinal parasites. It is shown that the con- 
ditions under which these ciliates were observed indicate that they were 
coprozoic forms that had contaminated the material examined. Though 
described under the name “ U. caudatum”’ these ciliates represent at least two 
distinct genera, those recorded by Martini being similar to Cyclidium or 
Uronema, the ones described by Yakimoff et al. probably representing Lembus 
pusillus. 

The last-named ciliate having been originally found in a sample of canine 
faeces, experiments were carried out with the view of ascertaining its origin. 
It was demonstrated that the ciliate was unable to withstand incubation at 
37°C. for 24 hours, and, when fed to mice in the form of cysts, did not 


survive the passage through their intestine. These facts indicate that the 
faeces in which Lembus was found must have been contaminated by this 
ciliate from outside. 


REFERENCES. 


(This list contains practically a complete bibliography of the species described, excepting 
the papers in which their occurrence alone is recorded.) 


AtexeleFF, A. (1917). Protistic coprology, as a special branch of Protistology, together 
with a description of some new species of Protista—*‘Coprocolae.” Journ. de Microbiol. 
(Pétrograd), 4, 97. [In Russian. ] 

—— [1926]. A propos des Protozoaires du sol: existent-ils réellement? Copro-protistologie. 
Arch. Russ. Protistol. 4, 1925, 127. 

Averbacn, L. (1854). Ueber Encystirung von Oxytricha Pellionella. Zeitschr. wiss. Zool. 
5, 430. 

Barsiant, E. G. (1899). Etudes sur l’action des sels sur les infusoires. Arch. Anat. Micr. 
2, 518. 

BLocumann, F. (1886). Die mikroskopische Thierwelt des Siisswassers. (Braunschweig.) 

—— (1895). Ibid. 2nd ed. (Hamburg.) 

Boprxg, J. H. (1923). Excystation of Colpoda cucullus. Journ. Exp. Zool. 37, 115. 

Bresstav, E. (1921). Die Gelatinierbarkeit des Protoplasmas als Grundlage eines Ver- 
fahrens zur Schnellauffertigung gefirbter Dauerpriparate von Infusorien. Arch. f. 
Protistenk. 43, 467. 

BuppENBrock, W. von (1920). Beobachtungen iiber einige neue oder wenig bekannte 
marine Infusorien. Jbid. 44, 341. 


of 
and 
her 
cles 
bed 
lae. 
sts, 
the 
dry 
iter 
the 
ver, 
ing 
ond 
uid, 
les. 
‘ms 
en- 
to 
im, 
ly 
ire 
age 
Ins 
sea 
ny 
ter 
cal 
of 
in 
1m 


218 Studies on Coprozoie Ciliates 


Butsson, J. (1923). Les infusoires ciliés du tube digestif de Thomme et des mammiferes, 
(Trav. Lab. Parasitol. Fac. Méd. Paris.) (Diss.) 

Biscuit, O. (1887-1889). Protozoa. III. Abth.—Infusoria. In Bronn’s Klass. u. Ordn. 
d. Thier- Reichs. (Leipzig.) 

Cauxrns, G. N. (1902). Marine Protozoa from Woods Hole. Bull. U.S. Fish Comm. 21, 413. 

Céripe, C. (1910). Recherches sur les infusoires astomes. Arch. Zool. Exp. et Gén, 
(5¢ sér.), 3, 341. 

CHAMBERS, R. and Dawson, J. A. (1925). The Structure of the Undulating Membrane in 
the ciliate Blepharisma. Biol. Bull. 48, 240. 

Cuatton, E. (1913). Culture de quelques protistes marins. Amibes cystigénes et acysti- 
genes. C.R. Soc. Biol. 75, 178. 

CuaparépE, E. and Lacumany, J. (1859). Etudes sur les infusoires et les rhizopodes, 1, 
1858-1859. (Genéve.) 

Coun, F. (1853). Beitrige zur Entwickelungsgeschichte der Infusorien. II. Ueber den 
Encystirungsprocess der Infusorien. Zeitschr. wiss. Zool. 4, 253. 

—— (1854). Untersuchungen iiber die Entwicklungsgeschichte der mikroskopischen Algen 
und Pilze. Nov. Act. Acad. Caes. Leop.-Carol. Nat. Curios. 24, 101. 

—— (1866). Neue Infusorien im Seeaquarium. Zeitschr. Wiss. Zool. 16, 253. 

Davenport, C. B. (1897). Experimental morphology, Pt. 1. (London and New York.) 

DexaceE, Y. and Hérovarp, E. (1896). T'raité de Zoologie concréte. Tome 1: La Cellule e 
les Protozoaires. (Paris.) 

De Moraan, W. (1926). Further observations on marine ciliates living in the laboratory 
tanks at Plymouth. Journ. Marine Biol. Assoc. (N.S.), 14, 23. 

DoBELL, C. and O’Connor, F. W. (1921). The intestinal Protozoa of man. (London.) 

DoFtern, F. (1916). Lehrbuch der Protozoenkunde, 4th ed. (Jena.) 

Dusarpin, F. (1841). Histoire naturelle des zoophytes. Infusoires. (Paris.) 

EHRENBERG, C. G. (1838). Die Infusionsthierchen als vollkommene Organismen. (Leipzig.) 

EnriQques, P, (1902). Adattamento degli infusori marini alla vita nell’ acqua dolce. Monit. 
Zool. Italiano, 13 (Supplem.), 49. 

—— (1902 a). Ricerche osmotiche sugli infusori. Rendic. R. Accad. Lincei, 11 (5), 340. 

—— (1903). Sull adattamento degli infusori marini alla vita nell’ acqua dolce. Ibid. 
12 (5), 82. 

FaBRE-DoMERGUE (1885). Note sur les infusoires ciliés de la baie de Concarneau. Journ. 
Anat. et Physiol. 24, 554. 

(1888). Recherches anatomiques et physiologiques sur les infusoires ciliés. Ann. Sci. 

Nat. (Zool.), 5, 1. 

Fiscuer, W. (1914). Ueber Stuhluntersuchungen bei Europiern und Chinesen in Shanghai. 
Arch. f. Schiffs- und Trop.-Hyg. 18, 615. 

FLoreEntTIN, R. (1901). Description de deux infusoires ciliés nouveaux des mares salées de 
Lorraine. Ann. Sci. Nat. (Zool.), 12, 343. 

FromEnTEL, E. pE (1874). Etudes sur les Microzoaires ou Infusoires proprement dits. (Paris.) 

Gatevskaia, N. [1926]. Sur deux nouveaux infusoires des mares salées—Cladotricha 
Koltzowii nov. gen. nov. sp. et Palmarium salinum nov. gen. nov. sp. Arch. Russ. 
Protistol. 4, 1925, 255. 

Goopey, T. (1913). The excystation of Colpoda cucullus from its resting cysts, and the 
nature and properties of the cyst membranes. Proc. Roy. Soc., B, 86, 427. 

Govrret, P. and Rorssr, P. (1886). Les protozoaires du Vieux-Port de Marseille. Arch. 
Zool. Exp. et Gén. (2° sér.), 4, 443. 

Gruser, A. (1890).. Biologische Studien an Protozoen. Biol. Centralbl. 9, 14. 

HamBvurGER, C. and BupDENBROCK, W. VON (1911). Nordische Ciliata, mit Ausschluss der 
Tintinnoidea. Nordisches Plankton, Abt. 13 (15 Lief.). 

HartTMany, M. and Scuiuurna, C. (1917). Die pathogenen Protozoen. (Berlin.) 


HE 
Ho 
ILo 
Jey 
Kal 
Ke 
Kol 
Lat 
Ler 
7 Mal 
Ma? 
Mai 
Mas 
Mar 
Mer 
M6: 
Mo! 
| Mii 
PE: 
Pry 
Pre 
Qui 
Rei 
Rm 


le et 


ory 


C. A. Hoare 219 


HENTSCHEL, C. C. (1924). On a new ciliate, Cryptochilum boreale nov. sp., from the in- 
testine of Echinus esculentus Linn., together with some notes on the ciliates of echinoids. 
Parasitology, 16, 321. 

Houston, A. C. (1915). IXth Annual Report, Metropolitan Water Board, p. 51. (London.) 

Inovaisky, S. A. (1915). The morphology of the process of cyst-formation. Journ. Section 
Zool. Soc. Imp. Amis Sci. Nat., Anthrop. et Ethnogr. (N.S.), 2, 185. (Moscow.) [In 
Russian. } 

—— (1925). Contributions 4 l'étude des kystes des infusoires hypotriches. Arch. Russ. 
Protistol. 3, 45. [In Russian. ] 

—— (1926). Material zum Studium der Cysten der Hypotrichen. And. f. Protistenk. 

54, 92. 

Pct H. S. (1897). Studies on reactions to stimuli in unicellular organisms. I. Reac- 
tions to chemical, osmotic and mechanical stimuli in the ciliate infusoria. Journ. 
Physiol. 24, 258. 

Kau, A. (1926). Neue und wenig bekannte Formen der holotrichen und heterotrichen 
Ciliaten. Arch. f. Protistenk. 55, 197. 

Kent, W. S. (1881). A Manual of the Infusoria, 2 [1881-1882]. (London.) 

Kokixex, J. (1926). Uber Siisswasserbakterien im Meere. Centralbl. f. Bakt. u. Abt. 66 
500. 

A. (1925). Contributions & l’étude de lallélogenése. 1¢ Mémoire: Les cycles 
biologiques des Dunaliella. Arch. Anat. Microscop. 19, 313. 

Lerst, J. (1926). Zur Kenntnis einiger Holotrichen. Arch. f. Protistenk. 53, 378. 

Mater, H. N. (1903). Uber den feineren Bau der Wimperapparate der Infusorien. /bid. 
2, 73. 

MansrELb, K. (1923). 16 neue oder wenig bekannte marine Infusorien. /bid. 46, 97. 

Martini (1910). Uber einen bei amébenruhrahnlichen Dysenterien vorkommenden Ciliaten. 
Zeitschr. f. Hyg. 67, 387. ; 

Massart, J. (1889). Sensibilité et adaptation des organismes a la concentration des solu- 
tions salines. Arch. Biol. 9, 515. 

—— (1891). Recherches sur les organismes inférieurs. II. La sensibilité 4 la concentration 
chez les étres unicellulaires marins. Bull. Acad. R. Sci. Belgique, 22 (3° sér.), 148. 
Mavpas, E. (1883). Contribution l'étude morphologique et anatomique des 

ciliés. Arch. Zool. Exp. et Gén. (2° sér.), 1, 427. 

—— (1889). Le rajeunissement karyogamique chez les ciliés. Jbid. 7, 149. 

MrrEscukowsky, C. (1877). Studies on the Protozoa of North Russia. Trav. Soc. Nat. 
St Pétersbourg, 8, 203. [In Russian.] 

Méstus, K. (1888). Bruckstiicke einer Infusorienfauna der Kieler Bucht. Arch. f. Natur- 
gesch. 54. Jahrg. 1, 81. 

Moréa, L. (1924). Adaptation des Infusoires 4 des doses variées de chlorure de sodium. 
C.R. Soc. Biol. 91, 169. 

Métter, O. F. (1773). Vermium terrestrium et fluviatilium...succincta historia (Havniae 
et Lipsiae). 

—— (1786). Animalcula fluviatilia et marina [etc.] (Hauniae). 

Pearse, A. (1926). Animal ecology. (New York.) 

Penarb, E. (1922). Etudes sur les infusoires d'eau douce. (Genéve.) 

Prowazek, S. (1904). Der Encystierungsvorgang bei Dileptus. Arch. f. Protistenk. 3, 64. 

QUENNERSTEDT, A. (1869). Bidrag till Sveriges Infusorie-fauna. III. Acta Univ. Lun- 
densis, 6. 

Ruxs, J. vAN (1884). Protozoaires de l'Escaut de l'Est. Tijdschr. Nederl. Dierk. Vereenig. 1 
(Suppl.), 592. 

Ruvumeter, L. (1888). Die verschiedenen Cystenbildungen und die Entwicklungsgeschichte 
der holotrichen Infusoriengattung Colpoda. Zeitsch. wiss. Zool. 46, 549. 


Parasitology XIX 15 


eres, 
rdn, 
413. 
Ten, 
e in 
den 
= 
z.) 
mit. 
), 
bid. 
i. 
ris.) 
uss. 
the 
rch. 


220 Studies on Coprozoic Ciliates 


RuuMBLER, L. (1923). Ciliophora. In Kiikenthal and Krumbach’s Handb. d. Zoologie, 1, 256. 

Roux, J. (1901). Faune infusorienne des eaux stagnantes des environs de Genéve. (Genéve.) 

Russo, A. (1914). Specie di ciliati viventi nell’ intestino dello Strongylocentrotus lividus 
Brandt. (Nota preliminare.) Boll. Accad. Gioen. Sc. Nat. Catania (Ser. 2), Fasc. 32, 2. 

Scuewiakorr, W. (1889). Beitrige zur Kenntniss der Holotrichen Ciliaten. Bibliotheca 
Zoologica, Heft 5. 

—— (1893). Uber die geographische Verbreitung der Siisswasser-Protozoén. Mém. Acad, 
Imp. Sci. St Pétersbourg (7° sér.), 41, No. 8. 

—— (1894). On the biology of the Protozoa. Zapiski Imp. Akad. Nauk [Mém. Acad. 
Imp. Sci.|,'75. (Suppl. No. 1.) [In Russian.] 

—— (1896). The organization and systematics of the Infusoria Aspirotricha (Holotricha 
auctorum). Mém. Acad. Imp. Sci. St Pétersbourg (8° sér.), 4. [In Russian. ] 

Scuusere, A. (1905). Uber Cilien und Trichocysten einiger Infusorien. Arch. f. Protistenk. 
6, 61. 

SeMENOV-TIAN-SHANSKY, A. (1910). Die taxonomischen Grenzen der Art und ihrer Unter- 
abteilungen. (Berlin.) [And in Mém. Acad. Imp. Sci. St Pétersbourg (8° sér.), 25. (In 
Russian.) 

Smitu, J. C. (1899). Notices on some undescribed Infusoria, from the infusorial fauna of 
Louisiana. T'rans. (Proc.) Amer. Micr. Soc. 20, 51. 

Soxotov, D. F. (1917). On the formation of secondary cysts in Gastrostyla steini Eng. 
Rev. Zool. Russe, 1, 321. 

Stet, F. (1860). [On the classification of the holotrichous infusoria and some new genera 
and species of this order.] Sitzungsb. K. béhm. Ges. Wiss. Prag (Juli-Dezember), 56. 

—— (1867). Der Organismus der Infusionsthiere nach eigenen Forschungen in systematischer 
Reithenfolge bearbeitet. Abth. (Leipzig.) 

Stoxgs, A. C. (1884). Notes on a new Infusorian. Amer. Naturalist, 18, 659. 

—— (1887). Notices of new fresh-water Infusoria. Proc. Amer. Philos. Soc. 24, 244. 

—— (1888). A preliminary contribution toward a history of the fresh-water infusoria of 
the United States. Journ. Trenton Nat. Hist. Soc. 4, 71. 

Stowe LL, F. P. (1925). Physical and chemical conditions in the sea-water of the Zoological 
Society’s Aquarium. Proc. Zool. Soc. London, p. 124. 

Svec, F. (1897). Piispévky k pozndni ndlevniké Geskych. I. Bull. Internat. Acad. Prague, 6. 

WaLLENGREN, H. (1918). Biologisch-faunistische Untersuchungen aus dem Oresund. IV. 
Die Infusoriengattungen Lembus Cohn und Plagiopyla Stein. Acta Univ. Lundensis 
(Nov. Ser.), 14 (2), No. 30. 

WeEnyon, C. M. (1926). Protozoology, 2. (London.) 

Woopncock, H. M. (1916). Observations on coprozoic flagellates. Phil. Trans. Roy. Soc, 
B, 207, 375. 

Yaxrmorr, W. (1921). Sur la question de  Uronema caudatum Martini. Bull. Soc. Path. 
Exot. 14, 555. 

—— (1922). Die Darmprotozoen des Menschen ausserhalb des Organismus. Arch. Soc. 
Russe Protistol. 4, 129. [In Russian. | 

—— (1922). Uber Uronema caudatum beim Menschen. /bid. 4, 134 [In Russian.] 

—— (1922 6). L’examen des eaux courantes 4 Pétrograd. Bull. Soc. Path. Exot. 15, 12. 

—— (1924). Pathogenic Protozoa. In Zlatogorov’s Text-book of Micro-organisms, 4, 
Part 2, fase. 1. (Leningrad.) [In Russian.] 

Yakivorr, W. and Ko.pakorr, T. A. (1921). Les colites de homme dues aux Protozoaires. 
Bull. Soc. Path. Exot. 14, 548. 

Yaxrworr, W. and Kotpakowa [Ko.pakorrF], T. (1922). Die Darmprotozoen des Menschen 
bei Coliten. Arch. Soc. Russe Protistol. 1, 120. [In Russian.] 

Yaxrimorr, W. and Wassttewsky, W. J. (1925). Les protozoaires de lintestin de 
Phomme pendant les épidémies de Pétrograde (1919-1921). Bull. Soc. Path. Exot. 18, 183. 


Ys 

Ya 
Zu 
dra 
Fig 
Fig 
Fig, 
Fig 
Fig: 
Fig 
Fig 
Fig: 
Figs 
Figs 


gical 


ue, 6. 


C. A. HoarE 221 


Yaxruorr, W. L., WaAssILewsk1, W. J. and ZwietKorr, N. H. (1925). Influence du chlorure 
de sodium sur les cultures de protozoaires. /bid. 18, 261. 

Yasupa, A. (1897). On the accommodation of some infusoria to the solutions of certain 
substances in various concentrations. Annot. Zool. Japonens. 1, 23. 

—— (1900). Studien iiber die Anpassungsfihigkeit einiger Infusorien an concentrirte 
Lésungen. Journ. College Sci. Tokyo, 13, 101. 

Zvetzer, M. (1907). Uber den Einfluss des Meerwassers auf die pulsierende Vacuole. 
Sitzungs). Ges. Naturf. Freunde Berlin, p. 90. 


EXPLANATION OF PLATES 


[All the figures are represented at a magnification of 1500 diameters. The majority were 
drawn with the help of the camera lucida (c.l.), and others freehand (f.h.).] 


PLATE IX. 
Figs. 1-20. Lembus pusillus. } 

Figs. 1-6. Various aspects of the ciliates, showing structure of the undulating membranes, 
vestibulum, ciliary rows. Fig. 1, left side, typical shape and arrangement of nuclei; fig. 2, 
ventral surface; figs. 3, 5, ventro-lateral views; fig. 4, right side; fig. 6, dorsal surface, 
showing “naked” area at the anterior end. Flemming, alc. haematein (figs. 1, 3-6) and 
iron haematoxylin (fig. 2). (c.1.) 

Figs. 7-11. Ciliates viewed from the left (figs. 7, 8, 11) and right (figs. 9, 10) sides; showing shape 
of the undulating membranes, their course within the vestibulum (figs. 7-9), and the primary 
food vacuole (figs. 7-9). The macronucleus is distorted in all specimens, and its chromatin 
detached from the nuclear membrane. Fig. 7 represents a form resulting from recent division, 
its peristome occupying the greater part of the length of the body. Flemming, alc. haematein. 
(e.1.) 

Fig. 12. Ciliate viewed from left side, showing arrangement of cilia and caudal seta. Alc. Bouin, 
alc. haematein. (c.1.) 

Figs. 13-16. Small ciliates from old culture. Fig. 15 shows hypertrophied irregular macronucleus. 
Methods as preceding. (c.1.) 

Figs. 17-20. Ciliates viewed from the posterior end in optical section; showing peristomial de- 
pression, attachment of the undulating membranes to its right side and their termination 
in the vestibulum (figs. 17, 20). Fig. 17 shows the arrangement of the cilia. Flemming, 


ale. haematein. (c.1.) 
PLATE X. 


Figs. 21-37. Lembus pusillus. 

Figs. 21, 22. Peristome and the bases of the undulating membranes viewed from the dorso- 
lateral (fig. 21) and ventral (fig. 22) surfaces. Flemming, ale. haematein. (c.l.) 

Figs. 23-29. Stages of division. Methods as preceding. (c.l.) 

Figs. 30-37. Stages of conjugation. Fig. 30, micronuclei in prophase of first division; fig. 31, 
first division completed, each conjugant contains two micronuclei; fig. 32, second division 
of micronuclei; fig. 33, result of second division; each conjugant contains four micronuclei; 
fig. 34, ex-conjugant with synkaryon, the remains of three old micronuclei, and degenerating 
macronucleus; fig. 35, first division of synkaryon completed; remains of the old micronuclei 
still visible; further disintegration of macronucleus; fig. 36, second division of synkaryon 
completed: four nuclei present; degenerated micronuclei still visible, but no traces of macro- 
nucleus; fig. 37, ex-conjugant with two new macronuclei. Flemming, alc. haematein (figs. 
31-33, 37) and acid haemalum (figs. 30, 34-36). 


PLATE Xl. 
Figs. 38-58. Cyst formation in Lembus pusillus. 
Figs. 38-40. Precystic forms; showing rounding off of the body, displacement of the nuclei and 
reduction of the undulating membranes and peristome. Alc. Bouin. alc. haematein. (c.1.) 
Figs. 41-43. Newly formed cysts with single-layered wall (ectocyst). Reduced peristome, con- 
tractile vacuole and macronucleus visible in all. Fig. 41 shows ciliary rows. (Drawn from 
fresh specimens, e.l.) 


15-2 


256, 
eve.) 
ridus 
2, 2. 
theca 
lead, | 
{cad. 
a 
tenk. 
| J 
nter- 
1a of 
Eng. 
56. 
scher 
wil 
IV. 
ensis 
Soc., 
Path. 
Soe. 
2. 
vires. 
n de 
183. 


Studies on Coprozote Ciliates 


Fig. 44. Fully formed cyst with double-layered wall (ecto- and endocyst). (Method as preceding.) 
Figs. 45-47. Ciliates detached from the cyst-wall in cysts kept in fluid medium. Fig. 45 shows 
membrane (intimocyst) surrounding ciliate; in Fig. 46 this membrane is thickened, and, in 
Fig. 47, has become detached from the ciliate, forming a secondary cyst. (Method as preceding.) 

Figs. 48-51. Excystation from cysts of the second order. Fig. 48, ciliate rotating within secondary 
cyst; fig. 49, secondary cyst ruptured; fig. 50, ciliate rotating within primary cyst; fig. 51, 
ciliate escaping from the cyst through rupture of its outer membrane. Remains of secondary 
cyst seen within. (Method as preceding, but ciliates drawn free-hand.) 

Fig. 52. Surface view of cyst dried for 5} months and examined in drop of water; showing TOWs 
of papillae corresponding to the points of attachment of the cilia on the body. (Fresh 
specimen, c.].) 

Figs. 53-55. Cysts after 5} months’ desiccation. Fig. 53, after having been kept in water for 
5 minutes; fig. 54, after 15 minutes; fig. 55, after 25 minutes. Showing gradual reappearance 
of contractile vacuole. (Method as preceding, c.l.) 

Figs. 56-58. Degenerate cysts from almost dry agar medium. The ciliates are shrivelled and 
incapable of excystation. (Method as preceding, c.1.) 


PLATE XIil. 
Figs. 59-70. Cyclidium glaucoma. 

Fig. 59. Fresh-water form, left side. Undulating membrane expanded. Schaudinn’s fluid. 
Ehrlich’s haematoxylin, glycerine mount. (c.l.) 

Fig. 60. Ditto. Undulating membrane turned backwards. Flemming, alc. haematein. (c.l.) 

Figs. 61-64. Fresh-water forms; various aspects. Fig. 61, left side; fig. 62, ex-conjugant, left 
side; showing striation of undulating membrane; fig. 63, ventral surface; fig. 64, right side. 
(Figs. 61, 63, 64, from life (f.h.); fig. 62, osmic vapour, c.l.) 

Figs. 65, 66. Ditto. Ventral and ventro-lateral views, showing shape of peristome and arrange- 
ment of undulating membrane. Fig. 65 represents an ex-conjugant (Fig. 66, osmic vapour, 
Bismarck Brown; fig. 65, Schaudinn’s fluid, Ehrlich’s haematoxylin, glycerine mount, c.l.) 

Fig. 67. Ciliate viewed from anterior end in optical section; showing arrangement of cilia and 
membrane. Osmic vapour (c.1.) 

Fig. 68. Marine form, left side. (From life, f.h.) 

Figs. 69, 70. Fresh-water forms, viewed laterally; showing undulating membranes expanded. 
Osmic vapour (c.l.) 

Figs. 71-77. Uronema nigricans. 

Fig. 71. Fresh-water form, right side; position of nuclei typical. Flemming, alc. haematein. (c.l.) 

Fig. 72. Ditto. Showing distortion of body by fixation. Same method. 

Figs. 73, 75-77. Marine forms. Fig. 73 shows arrangement of cilia in row adjacent to the right 
peristomial margin; fig. 74, large form with typical arrangement of crystals in posterior end; 
fig. 76, over-nourished specimen from new culture; fig. 77, shows primary food vacuole. 
(Fig. 73, iodine; figs. 75, 76, osmic vapour (c.1.); fig. 77, from life, f.h.) 

Fig 74. Ciliate viewed from posterior end, in optical section; showing points of attachment of 
the cilia. Flemming, alc. haematein. (c.1.) 


PLATE XIiil. 

Figs. 78-81. Uronema nigricans, fresh-water forms. Fig. 78, ventral surface; figs. 79-81, right 
side; fig. 79 shows typical arrangement of crystals and primary food vacuole. (Figs. 78, 
80, 81, iodine (c.l.); fig. 79, from life, f.h.) 

Figs. 82-96. Ciliates treated by Bresslau’s method (Opalblau + Phloxinrhodamin, c.1.). 

Figs. 82-85. Lembus pusillus. Fig. 82, dorsal surface, showing “naked” area at the apex; fig. 83, 
left side; figs. 84-85, ventral, slightly lateral views. 

Figs. 86-89. Cyclidium glaucoma. Figs. 86, 87, left side; figs. 88, 89, right side. 

Figs. 90-96. Uronema nigricans. Figs. 90, 91, 94-96, fresh-water forms; figs. 92, 93, marine. 
Figs. 90, 92, right side, slightly ventral, showing peristome, cytostome and undulating mem- 
brane; figs. 91, 93, left side, slightly dorsal; fig. 94, dorsal view; fig. 95, ventral view; fig. 96, 
right side, showing membrane. 


(MS. received for publication 12, 11. 1927.—Ed.) 
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TWO NEW SPECIES OF AMOEBA FOUND IN COCK- 
ROACHES: WITH NOTES ON THE CYSTS OF 
NYCTOTHERUS OVALIS LEIDY. 


By CATHERINE L. T. LUCAS, M.Sc. (Lonp.). 


(From the Department of Protozoology, London School of Hygiene 
and Tropical Medicine.) 


(With Plates XIV and XV, and 3 Text-figures.) 
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INTRODUCTION. 


Durie recent investigations on Endamoeba blattae (Biitschli) Leidy of the 
common cockroach, Blatta orientalis, there were observed in the hindgut of 
the host, two other distinct amoebic species. Both appear to be truly entozoic, 
but contrast strikingly with £. blattae both in morphological features and 
life cycle. They are interesting not only in being among the comparatively 
few species yet reported from insects, but also in their relationships to certain 
of the amoebae of vertebrates. 

One is a true Entamoeba and appears to be distinct from any species yet 
described in the literature. It is here named E£. thomsoni after the investigator 
under whose supervision the present work was done. The other is apparently 
co-generic with Endolimax nana and would also seem to be a new species. 
It is accordingly given the name Endolimaz blattae. Both species were also 
found in Periplaneta americana, a cockroach from which amoebae have not 
yet been reported. 
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The cysts of the ciliate Nyctotherus ovalis Leidy in different stages were 
often observed in the hindgut of Blatta orientalis. A description of these is 
added to the present work, since no account of them has been found in the 
literature except a brief note by Stein (1867). 


MATERIAL AND METHOD. 

Periplaneta americana was obtained from the Zoological Gardens, in small 
numbers only; but Blatta orientalis is common in kitchens and bakeries in 
England at all times of the year, and good supplies were obtained from three 
distinct colonies in London. Colony I was infected with the Entamoeba and 
the Endolimaz, but although large numbers of the cockroaches were examined 
during a period of over seven months, no specimens were found characteristic 
of the species Endamoeba blattae. This is an important point, since it con- 
tributes to the evidence showing that the amoebae here described as Entamoeba 
thomsoni n.sp. were not merely young forms of E. blattae. Colonies II and III 
were infected with all three species. 

Smears were made of the hindgut contents of the cockroach, always 
immediately after anaesthetising the host. When necessary the material was 
slightly diluted with normal saline. No fixative was used to make the film 
adhere. Fixation was with Schaudinn’s solution, and the amoebae were 
stained at different times with Ehrlich’s haematoxylin and eosin, with Mann’s 
stain, and with Heidenhain’s iron haematoxylin. The last gave the best 
results. 

Part I. EnvaMoeBA THOMSONI 
Free Forms. 

The incidence of infection with Entamoeba thomsoni was found to be high, 
but the infections were seldom heavy. The living trophozoites, which were 
generally elongated, ranged from 16-64, in length and from 5-16, in width. 
Rounded forms varied from 7-30 in diameter, but specimens measuring 
more than 25 were rare. This species is thus much smaller than Endamoeba 
blattae, in which adult forms range in diameter from 40-130 p. 

The amoebae resemble £. belostomae Brug, 1922, in the Giant Water-Bug, 
in being more adhesive than other species. It is often found attached to 
objects by a knob-like cytoplasmic process, covered with adherent particles. 
This portion is termed here the “foot.” It changes little in shape, is devoid 
of protoplasmic currents, and has few inclusions (P1. XIV, fig. 1). It is in some 
respects comparable to the “uroid” described by Schaeffer (1926) in certain 
free-living amoebae. It might also be compared with the “caudostyle” of 
the “Caudamoeba sinensis” described by Faust (1923), if this is indeed a 
true amoeba. While the organism is attached, the protoplasm in the extended 
portion may be seen flowing down the centre towards the distal end, and 
returning near the periphery towards the foot. These currents are associated 
with the formation of indeterminate pseudopodia (Schaeffer, 1926). By alter- 
nating in relative strength, they bring about successively the formation of a 
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protuberance at the distal end, swelling of this region, and then return of the 
cytoplasm in the peripheral zone. The result suggests peristaltic contractions 
(Text-fig. 1,- 1-4), and often bending movements (5-15). Rarely, lateral 
pseudopodia occur. The phenomena described may be due partly to the 
differentiation of the cytoplasm into a plasmasol, in the extended region only, 
and a plasmagel and plasmalemma as defined by Mast (1923). The adhesive- 
ness probably enables the parasite to retain its position on the gut wall of 
the host. 


14 


Text-fig. 1, 1-4. Entamoeba thomsoni. Diagrams showing successive changes in shape in an 
amoeba fixed by a “foot” to a foreign body. (Thickness of the arrow indicates strength of 
the protoplasmic current.) 

5-10. Drawings of a living amoeba made with camera lucida at 30 sec. intervals. 
11-15. A similar example. 


The amoebae apparently can adhere and form a foot at any point that 
comes in contact with an irregular object. If dislodged into a fluid medium, 
they throw out determinate, lobose pseudopodia, which effect little or no 
locomotion but probably help to locate a support (Text-fig. 2, 1-5). Amoebae 
of both forms are found in smears. On the surface of glass the amoeba may 
fail to adhere, but nevertheless display its typical elongated form, and axial 
protoplasmic currents. In this case forward locomotion results. 
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The actual process of ingestion was not observed, but numerous food 
particles are included in the cytoplasm. These probably adhere to, and 
become embedded in it, without the action of pseudopodia. 

There is no visible differentiation into ectoplasm and endoplasm, except 
when the lobose, hyaline pseudopodia are formed. Certain limitation in 
change of shape suggests that there may be an elastic adhesive outer covering, 
a plasmalemma or fine pellicle. There is no contractile vacuole. 

The nucleus is about 6, in diameter, and appears in life as a clear sphere 
with sometimes a few peripheral refractile granules (Pl. XIV, figs. 1 and 2). 
When stained it shows a distinct single-contoured membrane, with irregular 
chromatin granules applied to its inner surface. These, as in LZ. histolytica, 
are sometimes aggregated so as to form crescents in optical section. In the 
remaining zone of the nucleus is an achromatinic network, often indistinguish- 
able, in which lies a mass of chromatin presenting a variety of appearances. 
Most commonly it is a large body of loose granules, the outermost of which stain 
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Text-fig. 2, 1-5. Entamoeba thomsoni. Changes in shape in an amoeba, during transference from 
one position of attachment to another by a current in the medium. 1 and 5, amoeba 
attached; 2-4 amoeba free, showing pseudopodia. (Camera lucida drawings.) 


more darkly (Pl. XIV, figs. 6 and 7). It then closely resembles the karyosome 
of E. aulastomi Noller, 1912, of the horse-leech. There is often, but not always 
visible, a central darkly staining granule within this mass, surrounded by a 
halo. This would appear to correspond with the “Karyosom Binnenkérper” 
in E£. aulastomit. A number of variations occur in the arrangement and 
amount of chromatin, even among amoebae in the same preparation; the 
differences are therefore hardly to be accounted for by fixation or staining 
phenomena. For instance very young forms, and rarely larger specimens, may 
have practically all the chromatin, with the exception of the peripheral layer, 
concentrated in one central grain (Pl. XIV, figs. 3 and 4). Again there are 
forms, like Brug’s Fig. 5 of EF. belostomae, in which all, or nearly all, the 
nuclear space is filled with diffuse chromatin granules (Pl. XTV, figs. 8-10). 
Consideration of the apparently normal variations in nuclear structure 
suggests that cyclic changes may occur in the karyosome comparable in some 


1 Probably comparable with “karyosome” of Brug (1922), “centriole” of Hartmann, “endo- 
some” of Minchin. 
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degree with those described by Hartmann (1910) in E. testudinis. In the latter 
species, according to his account, the karyosome, containing the so-called 
centriole within it, is at first a compact body, but gradually swells and be- 
comes more diffuse until it passes into the peripheral zone. In the later stages 
a new compact karyosome is visible developing round the centriole. It is 
possible that the various forms in E. thomsoni are stages in such a cycle, and 
follow one another in the order indicated by Pl. XIV, figs. 3-11. But, owing 
to the small size of the species, it is generally difficult to identify a central dot 
within the karyosome, and consequently impossible to homologise the different 
structures met with. There is no evidence that the dot is actually a centriole. 
To summarise: in the nucleus, at certain times at least, there is an internal 
mass of granules, containing a central dot within it, and meriting the term 
karyosome as defined by Chatton (1910). And it must also be concluded that 
there are fluctuations in the amount and compactness of the chromatin. 
Binary fission has not been observed in any stage. 


Cysts and Nuclear Division. 


Precystic forms were not observed and cysts were very scarce. They are 
spherical, and vary in diameter as a rule from 11-16, averaging 14; but a 
small race was sometimes found in which they averaged only 8 (PI. XIV, fig. 
15). They contain no chromatoid bodies. 

All stages of nuclear multiplication have not been observed, but cysts 
have been found with 1, 2, 3 and 4 (never 8) nuclei (Pl. XIV, figs. 12-19). 
There may be a single grain, or a small group of granules in the centre, and 
the amount of peripheral chromatin varies inversely (compare Pl. XIV, 
figs. 16 and 19). 

Only the early prophase, and the anaphase of nuclear division have been 
observed, but these are sufficient to show that it is of the type for which 
Chatton (1910) proposed the name “Mesomitosis,” and Alexeieff (1913) 
“Paramitosis.”. The nuclear membrane remains throughout. A spireme 
thread is apparently formed from the peripheral chromatin as well as from 
that of the karyosome (PI. XIV, fig. 12). The chromosomes or pseudochromo- 
somes can be partly made out in Pl. XIV, fig. 13. They are in the form of 
stout threads, and are more numerous than those of E. histolytica and E. coli, as 
described by Kofoid and Swezy (1926), and Swezy (1922). Achromatinic 
fibres are visible, but no centrioles. The two darkly staining dots shown in 
Pl. XIV, fig. 13, are of doubtful significance. 

In the four-nucleated stage the — are apparently ripe, but their further 
fate has not been observed. 


Systematic Position and Affinities. 


The existence of an amoebic species other than £. blattae, in the intestine 
of the cockroach, has not been reported by earlier workers. Schubotz (1905) 
refers to seeing very small living amoebae, which, from his account, seem likely 
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to have belonged to our species, but he took these for young forms of 
E. blattae. On the other hand, as it was not impossible that a young £. blattae 
could be mistaken for a new species, particularly if the observations of 
Hartmann (1913) are correct, special care was taken in the present work to 
ensure that such confusion was not made. The description is accordingly 
based on amoebae obtained from Colony I, which, as has been noted above, 
was apparently quite free from £. blattae infection. The two species differ 
greatly in the adult form, for Endamoeba blattae is sharply distinguished by its 
peculiarities of size, movement, nuclear structure, precystic and cystic phases. 

The generic position of the new species has been based on its habitat, and 
the structure of nucleus and cyst. That it is truly entozoic is suggested by 
its frequent occurrence in the host, by the absence of a contractile vacuole, 
and by the fact that it dies in a few hours if kept moist in the gut contents 
outside the body. The existence of well-marked peripheral chromatin, and 
the absence of compactness in the karyosome, although this is often large in 
size, suggest that the species is a true Entamoeba. 

In determining that it is not identical with any member of the genus yet 
described, it need only be compared with those having, as a rule, no 8-nucleated 
cyst. It differs from nearly all of these in generally possessing a large karyo- 
some, consisting of loosely aggregated chromatin granules. A somewhat 
similar type is described in EF. belostomae, in E. aulastomi, and in E. ranarum; 
but the cockroach amoeba differs from the last two in various ways, including 
the absence of chromatoid bodies in the cyst. Setting aside the karyosome, 
which is of doubtful value as a diagnostic character among Entamoebae, this 
feature of the cyst, together with the adhesiveness of the trophozoite, would 
seem sufficient to distinguish the amoeba from all kindred forms except 
E. belostomae. It undoubtedly resembles this species closely. Nothing is 
known of the nuclear division or cysts of E. belostomae, and the morphology 
has not been fully worked out. Brug’s, the only account of it, is brief and 
incomplete, since he was only able to examine two infected hosts. It is, 
therefore, difficult to compare the two species, but that they are identical 
seems improbable. They are regarded as distinct owing to the diversity in 
form and habits of the respective hosts, and also to the facts that EL. belostomae 
inhabits the mid- and not the hind-gut, and has a nucleus whose predominating 
form is like that of E. histolytica. 

The Entamoeba of the cockroach shows no very close affinities to any of 
the other nine amoebae reported from insects. The only ones related to it 
are EF. apis Fantham and Porter, 1911, in the bee, and EF. minchini (syn. 
Loeschia hartmanni) Mackinnon, 1914, in Tipula larva. The former is very 
incompletely described, but differs in resembling closely #. coli, and in en- 
cysting readily on exposure. E. minchini has a very small karyosome and 
shows chromatoid bodies in the cyst. 

If nuclear structure be taken as a guide, the amoeba shows nearest 
affinities to those forms in which there is often a quantity of diffuse central 
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chromatin. But the nucleus is interesting in showing, by its own variability, 
that there is no hard and fast line to be drawn between chromatin of the 
karyosome, and “intermediate” chromatin lying between it and the peripheral 
layer. It is probable that in many amoebae the karyosome undergoes fluctua- 
tions between being more, and being less compact. Considerable variation 
oceurs in #. coli (as figured by Ndller, 1922), and, according to Hartmann 
(1908), even in £#. histolytica; and also in ? E. ovis as described by Triffitt 
(1926). 

The cockroach Entamoeba, then, is not far removed structurally from many 
of the amoebae of Vertebrates. It appears, however, to resemble most nearly 
E. aulastomi of the horse-leech, and the little known E. belostomae of the 
Water-Bug. That there is a very close phylogenetic relationship to either 
seems impossible, since amoebae parasitic in hosts of such different habitats 
must have diverged at a distant period in evolution. 


Specific Characters. 


Among members of the genus Entamoeba, E. thomsoni is distinguished as 
follows: 

(1) Diameter when rounded up 7-30 microns. Commonly 15-25 microns. 

(2) The amoeba is very adhesive and is often found attached to bodies 
by a cytoplasmic knob or foot. The remaining protoplasm then exhibits 
fountain currents, no definite pseudopodia, and twisting movements about 
the fixed point. 

(3) Ectoplasm and endoplasm only differentiated in the occasional lobose 
pseudopodia. 

(4) Nucleus with peripheral chromatin, and a variable karyosome. This 
generally comprises a large mass of loosely aggregated chromatin granules, 
containing within it a central dot, surrounded by a halo. It may however be 
small and compact. 

(5) Cysts are 11-16 microns, or ina smaller race, ca. 8 microns in diameter, 
and have 1-4 nuclei and no chromatoid bodies. 
(6) Parasitic in the hindgut of cockroaches. 


Part I]. BLATTAE D.Sp. 


Free Forms. 

The smallest cockroach amoeba, for which the name Endolimaz blattae is 
proposed, occurred in about half the specimens of B. orientalis and fairly 
frequently in P. americana. 

The free forms range only from 3-15 when rounded up, specimens over 
124 being rare. The pseudopodia are generally delicate and finger-shaped, 
each composed at first of ectoplasm only. They are of the determinate kind 
and locomotion is slight. The body often shows an attenuated branched form, 
an extreme example of which is shown in Text-fig. 3, 1-6. 
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The cytoplasm is often full of inclusions, large numbers of a certain 
vegetable spore being ingested whenever they are available. There is no con- 
tractile vacuole. Hyaline ectoplasm is only exhibited in the pseudopodia. 

The nucleus, which is indistinguishable in life, resembles in stained pre- 
parations that of a Vahlkampfia. It is 2-3 in diameter and has a very fine, 
but distinct nuclear membrane. There is a large central karyosome, which, 
in well differentiated preparations, appears to consist of an achromatinic 
groundwork with large chromatin granules embedded in it (Pl. XV, figs. 5 
and 6). A resting nucleus has only once been found with any distinguishable 
chromatin outside the karyosome (Pl. XV, fig. 3). 


Text-fig. 3, 1-6. Endolimax blattae. Camera lucida drawings of a living amoeba at 30 sec. intervals, 
Division. 

Large binucleated forms are common. Stages of nuclear division have 
been observed, which probably lead up to the formation of these individuals, 
and their presence is apparently to be accounted for by delay in cytoplasmic 
cleavage. Nuclear division is promitotic, and the membrane persists through- 
out. In early stages the karyosome elongates (Pl. XV, fig. 7), and when rod- 
shaped divides to form two large polar capsules (Pl. XV, fig. 8). There are 
indications of achromatinic fibres. Small granules of chromatin, the origin 
and behaviour of which has not been determined, arrange themselves on an - 
equatorial plate. Pl. XV, fig. 9, shows the chromatin of the daughter nuclei 
rounded up at the poles. In the next phase observed, the daughter nuclei 
are fully formed, but pressed closely together like those of Sappinea (P1. XV, 
fig. 10). As this stage is common, it appears that the two nuclei are completed 
by a sharp constriction of the nuclear membrane between them. They do 
not drift apart while still connected, as occurs in many cases of promitosis. 
P|. XV, fig. 11, shows a specimen in which they have separated after completion. 


Encystment. 


Cysts are very rare, and it has not been possible to trace the details of 
their development; but the specimen shown in PI. XV, fig. 12, is probably a 
precystic form. In size the cysts vary from 7-10-5y, and are spherical or 
sometimes elliptical in shape. The wall is non-staining, double contoured, 
and about 0-5 thick. Sometimes, however, the contents shrink from it during 
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fixation, giving the appearance shown in Pl. XV, fig. 14. There is sometimes, 
but not always, a vacuole recalling that in Jodamoeba cysts (Pl. XV, figs. 16 
and 18). The nucleus, which is generally excentric, varies in size when single, 
from 1-1-75p. Pl. XV, fig. 16, shows a cyst in which two daughter nuclei are 
about to be formed. These may separate on completion, but in most cases 
they remain pressed together, and if their next divisions are not synchronous, 
then trinucleate forms result such as those shown in PI. XV, figs. 17 and 18. 
Ripe cysts probably contain four nuclei, but more than three have not been 
found. The close proximity of the nuclei to one another recalls the arrange- 
ment in £. nana, though there it is less pronounced. 


Transmission. 

Excystation has not been observed, and no flagellated stage has been 
detected. 

As the trophozoite is very common, and its cysts very rare, it seems 
possible that transmission is brought about directly by the former, through 
the cannibalism of the cockroaches. When one of these is about to die, it 
is generally fallen upon by its fellows, especially if moisture is scarce, and its 
internal organs are devoured in a short time. If the amoebae thus consumed 
can produce infection they must of course be able to withstand digestion. 
Such resistance has been shown by Hegner (1926) to be possible for the tro- 
phozoites of various Protozoa. 


Systematic Position and Affinities. 


The structure of the nucleus, and its promitotic division, indicate that the 
amoeba properly belongs either in the genus Endolimax Kuenen and Swellen- 
grebel, 1917, or else among the Vahlkampfia (Chatton and de Lalung-Bonnaire, 
1912) emend. Calkins, 1913. As no flagellated stage has been found, the genus 
Dimastigamoeba is not considered. Endolimax appears to be the correct genus, 
since the amoeba is distinguished from the Vahlkampfia by the absence of 
contractile vacuole, and by the existence of more than one nucleus in the cyst. 
Comparison with the other members of this already increasing genus, suggests 
that between the amoeba in question and the other members there are real 
morphological differences, as well as diversity of hosts. It is therefore regarded 
as a hew species. 

The affinities of Endolimaz blattae appear to lie with E. nana, which it 
resembles in size as well as in generic characters. But it seems probable that 
the features of the genus are correlated with the parasitic habit, and are 
therefore significant really as indications of convergence rather than of true 
relationship. The amoeba differs markedly from those so far described from 
insects. Structurally the nearest species appear to be Vahlkampfia chironomi 
Porter, 1909, in Chironomus larva, V. sp. Mackinnon, 1914, in Tipula larva 
and Malpighiella refringens Minchin, 1910, in Ceratophyllus spp. The first 
however has a single pseudopodium, a contractile vacuole and a single- 
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nucleated cyst. The second has a quantity of peripheral chromatin and the 
third, which inhabits Malpighian tubes, shows no pseudopodia. Among 
amoebae at present known, Endolimaz blattae is related to those existing in 
vertebrates, more nearly than to those of invertebrate hosts. 


Specific Characters. 

Endolimaz blattae is distinguished by the following characters: 

(1) Nucleus vesicular, with a large compact spherical karyosome and little 
or no outer chromatin. 

(2) Nuclear division promitotic. 

(3) No contractile vacuole. 

(4) Cyst with more than one nucleus. 

(5) Small size, ranging from 3-15 microns in diameter. 

(6) Ectoplasm only distinguishable in the pseudopodia, which often occur 
several at a time and are finger-shaped. 


Part II. EncystmMent or Nycroruverus ov Letpy, 1850. 

The original designation of the ciliate Nyctotherus ovalis, given by Leidy 
in 1850, was supplemented by his account in 1853, and later by Stein's, in 
1867, in which the cysts were first reported. The process of ripening in the 
cysts, and certain other features have not been described up till now. 

While free forms may measure as much as 350 long, cysts range only 
from 55-94 in length and from 25-70 in greatest width. Precystie forms 
are distinguished by their small size, the absence of food vacuoles, and the 
disappearance of the “septum” found in the anterior region of the trophozoite. 
The cyst has a peculiar shape which distinguishes it from other Nyctotherus 
spp. It is oval with a well-marked blunt knob at one end, coinciding in 
position with the anal pore of the free form. The wall is about 2 microns 
thick, striated like the pellicle, and yellow in colour. Pl. XV, fig. 19, shows a 
newly formed cyst in which much of the internal structure of the Ciliate is 
still distinguishable. The specialised granular portion found in the free form 
anterior to the nucleus, is distinguishable as a small body of refractile granules, 
or minute globules, in a corresponding position. Tests on free and encysted 
specimens show that this mass stains very deeply in iodine, a fact which 
suggests that it may be reserve food of the nature of glycogen. Pl. XV, fig. 21, 
shows the usual appearance in this stain. In Pl. XV, fig. 19, the cytoplasm in 
the anterior region is filled with elliptical-shaped highly refractile bodies of 
doubtful significance. In some colonies of Nyctotherus, the free forms are 
crammed with these bodies, and they appear in all the accompanying cysts; 
but in other infections they are entirely absent in both. They are scarcely 
visible in stained specimens and do not react with iodine. When expelled 
from a crushed Ciliate they are unaffected by the surrounding fluid. They 
appear to be structureless and of an oily nature, and suggest food reserve. 
Their presence or absence may be due to differences in the metabolism of the 
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ciliate caused by variation in the diet of the host. As Pl. XV, fig. 19, shows, 
they tend to aggregate in the cyst at the anterior end, and this is more marked 
in ripe specimens (PI. XV, fig. 22). 

Young cysts show distinct traces of the mouth, and often, of the con- 
tractile vacuole (Pl. XV, fig. 19). As the cyst ripens in the gut, the macro- 
nucleus takes up a central position, becomes spherical and appears as a clear 
or slightly flocculent region (Pl. XV, figs. 23 and 24). The glycogen granules 
tend to become more diffuse, and at the same time the elliptical bodies, if 
present, collect to form a dense mass anteriorly (Pl. XV, fig. 22). The con- 
tractile vacuole disappears. In ripe cysts there is usually a clear homogeneous 
layer just inside the wall, as is well shown in Pl. XV, fig. 22. 

The cysts are very difficult to stain, and only iodine seems to penetrate 
well. When fixation has been with hot Schaudinn’s solution, Grenacher’s 
borax carmine penetrates slightly, after several days. Unfortunately it has 
not been possible so far to stain sufficiently well for the micronucleus to be 
discernible, and this cannot be made out in life. 

After passing out in the faeces of the host, the cysts undergo no develop- 
ment, whether kept moist or dry. Most of them degenerate in 8-14 days but 
some have been kept for 17 days without showing any visible change. In 
cockroaches which have been fed with cysts, they have sometimes been found 
unaffected in the crop. Excystation has not been observed in any part of 
the gut. 
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EXPLANATION OF PLATES XIV AND XV. 


All drawings are made with the camera lucida at a magnification of 1400 approx. except 
Pl. XV, figs. 5 and 6 which are x 3000. All, unless otherwise stated, are from specimens fixed in 
Schaudinn’s solution and stained in Heidenhein’s iron haematoxylin. 


PLATE XIV. 
Entamoeba thomsoni n.sp. 

Fig. 1. Living amoeba fastened to debris by a hyaline “foot.’’ The nucleus appears as a clear 
sphere. 

Fig. 2. Living specimen showing refractile granules in the nucleus. 

Figs. 3and 4. Young forms showing compact karyosome. (Fig. 4 stained in Ehrlich’s haematoxylin 
and eosin.) 

Fig. 5. Amoeba with karyosome broken up. 

Figs. 6 and 7. Amoeba with characteristic nuclei showing large karyosome, consisting of loosely 
aggregated granules and containing a central dot. 

Figs. 8-10. Amoebae with very large diffuse karyosomes. 

Fig. 11. Full-grown specimen with nucleus in a less common phase. Peripheral and intermediate 
chromatin are plentiful and the karyosome is compact. 

Fig. 12. Cyst with single nucleus preparing for division. 

Fig. 13. Cyst with dividing nucleus showing masses of twisted thread-like chromosomes (?) at 
the poles, with achromatinic fibres between them. 

Fig. 14. Bi-nucleated cyst. 

Fig. 15. Bi-nucleated cyst belonging to a small race. 

Figs. 16-18. Four-nucleated cysts. 

Fig. 19. Cyst with 4 nuclei of unusual form. (Stained with Ehrlich’s haematoxylin and eosin.) 
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PLATE XV. 
Figs. 1-18. Endolimax blattae n.sp. 
Figs. l and 2. Free forms. 
Fig. 3. Amoeba with unusual nucleus showing peripheral chromatin. 
Fig. 4. Amoeba stained with Ehrlich’s haematoxylin and eosin. 
Figs. 5 and 6. Nuclei stained with Ehrlich’s haematoxylin and eosin and well differentiated, to 
show the achromatinic groundwork of the karyosome. x 3000 approx. 
igs. 7-11. Successive stages of nuclear division in free forms. 
‘ig. 7. Amoeba showing elongated nucleus about to divide. : 
‘ig. 8. Specimen showing dividing nucleus with polar capsules, and a number of small fragments 
of chromatin on an equatorial plate. 
ig. 9. Amoeba with nucleus in the anaphase. 
igs. 10-11. Binucleated forms. 
ig. 12. (?) Precystie form. 
ig. 13. Uninucleate cyst showing double-contoured wall. 
fig. 14. Oval cyst (contents shrunk away from the wall). 
ig. 15, Cyst with two daughter nuclei nearly formed. 
ig. 16. Bi-nucleated cyst showing a large vacuole. 
ig. 17. Tri-nucleated cyst of abnormal shape. (The wall is indistinguishable. ) 
ig. 18. Tri-nucleated cyst with well-marked vacuole. 


Figs. 19-24. Cysts of Nyctotherus ovalis Leidy. 
(All drawings from fresh material except fig. 21.) 
ig. 19. Young cyst showing oval macronucleus, an unusually small anterior mass of (?) glycogen 
granules, and traces of the lateral mouth and the contractile vacuole. Spindle-shaped bodies 


lie throughout the cytoplasm. 
‘ig. 20. Young cyst in the next stage. The glycogen mass is of characteristic appearance. 


(Spindle-shaped bodies absent.) 
ig. 21. Specimen in slightly later stage, stained with Gram’s iodine. The glycogen mass is 
darkly stained. The contractile vacuole has now disappeared. 
ig. 22. Older cyst showing spindle-shaped bodies aggregated at the anterior end. There is a 
well-marked peripheral clear zone and the nucleus is smaller, spherical and central. 
. 23. Cyst in the same stage as that in Fig. 22, but showing no spindle-shaped bodies. The 
glycogen mass is becoming diffuse. The macronucleus appears flocculent. 
ig. 24. Ripe cyst. Glycogen granules are diffused round the nucleus. 


(MS. received for publication 22. x11. 1926.—Ed.) 
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ALARIA ARISAEMOIDES, N.SP., A TREMATODE 
FROM VULPES FULVA. 


By D. L. AUGUSTINE, Sc.D. anp CESAR URIBE, M.D. 


(From the Department of Com parative Pathology, Medical School and 
School of Public Health, Harvard University.) 


(With Plates XVI-XVIII and 4 Text-figures.) 


DvuRING an autopsy of a male red fox, Vulpes fulva,-which had been caught 
in a trap and killed at Saugus, Massachusetts, December, 1925, Professor E. E. 
Tyzzer found five mature and eleven immature trematodes. These worms 
were attached to the gut wall in the region of the jejunum, in a space not 
exceeding three inches long. All were lying transversely in the gut, and, as 
a rule, were headed in the same general direction. We are indebted to 
Professor Tyzzer not only for furnishing this material but also for his active 
assistance in its preparation and interpretation. 

The study of these flukes has shown that they are all of one species and 
belong to the family Strigeidae Railliet 1919, sub-family Alariinae Hall and 
Wigdor 1918, and to the genus Alaria Schranck 1788. So far as we are aware, 
the only Alariinae described from foxes is Alaria alata which has been re- 
ported from the foxes Vulpes lagopus and Vulpes alopar. Our species differs 
from A. wlala and descriptions of other Alariinae reported from other hosts. 
As its general shape strikingly suggests that of the spathe and spadix of the 
Jack-in-the-pulpit, Artsaema triphyllum, the name Alaria arisaemoides is 
proposed for it. 

Detailed studies were made of Alaria arisaemoides on both living and pre- 
served material. Toto mounts were stained in Delafield’s haematoxylin and 
alum cochineal after methods described by Cort (1915). Serial sections were 
made in transverse and sagittal planes of the worms attached to the intestinal 
wall after fixation in Zenker’s fluid. Some of these were stained with Delafield’s. 
haematoxylin and eosin and others with the eosin methylene blue method 
after Mallory. 

External Structure. 

Alaria arisaemoides (P|. XVI, figs. 1, 2 and 3) is rose-bud-shaped and, in the 
living condition, white or slightly yellowish-gray in colour. When killed and 
preserved in 70 per cent. alcohol the colour is changed to a dark metallic 
gray, Our type specimen has a total length of 7 mm.!. The smallest, immature 


} All measurements are taken from our type specimen unless otherwise stated. 
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specimens measure 2 mm. while the largest, mature forms have a total length 
of 10-6 mm. The body consists of two distinet portions separated by a con- 
striction located about one-third of the total length from the posterior tip. 
The fore-body is flexed dorsally, a characteristic which is quite common 
in the family. The foliate margins do not completely close on the ventral 
surface, and the large, fleshy, tongue-shaped attaching apparatus or holdfast 
is seen lying within the cavity formed by them. A sulcus runs along the mid- 
ventral surface of the holdfast which extends from its basal attachment to 
the body proper to the acetabulum. This depression follows the underlying 
stalk or pedicle which connects the holdfast to the flattened anterior portion. 
The stalk is much wider in its posterior part and occupies most of the dorsal 
side of the holdfast, leaving only a small margin at either side free. It fuses 
posteriorly with the commissure of the foliate margins. When fully extended 
the holdfast passes beyond the oral sucker, completely hiding this structure 
from view from the ventral side. In this position it presents a fairly smooth 
surface, but when lying within the sac formed by the foliate edges, transverse 


Text-fig. 1. Alaria arisaemoides. Diagram of cross-section through the centre of the cephalic 
portion showing the relation of the holdfast to the body proper; a., acetabulum; aa., holdfast; 
h., helicoid canal; os., oral sucker; p., pedicle; sw., symmetrical wings; w., lamellar folds. 


folds appear and its lateral borders are curved dorsally and inwardly, creating 
a helicoid canal which extends along both sides of the holdfast (Text-fig. 1, h.). 

Two, small, symmetrical wings occur at the anterior margin of the cephalic 
portion of the parasite, one on either side of the oral sucker (Pl. XVII, figs. 
5 and 6). These appear to be glandular in structure. 

The oral sucker lies between these two wings. It is slightly oval (0-1 x 
0-09 mm.). The acetabulum (0-1 mm. in diameter) is situated in a mid-line 
on the ventral surface of the flattened portion about 0-5 mm. posterior to 
the oral sucker, at the anterior origin of the pedicle of the attaching apparatus. 
The holdfast completely hides the acetabulum from the ventral aspect. 

The posterior or caudal portion of the worm is solid and is cylindrical to . 
conoidal in form. It is slightly flattened along its dorsal surface and shows 
one slight, central, transverse constriction which dips between the anterior 
and posterior testes. A prominent, subterminal! depression, in which lies the 
common genital pore, is found on the dorsal surface near the posterior margin. 
A small excretory pore is also located on the dorsal surface, posterior to the 
genital pore and is almost terminal. 
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The ventral surface of the caudal portion is smooth and, save for the 
constriction between the two testes, bears no other marking except a brown, 
longitudinal, median line representing the descending, straight portion of the 
uterus which is filled with ova arranged in single file (Pl. XVI, figs. 1 and 2; 
Pl. XVII, figs. 5 and 6 wid.). 

The body surface is covered with a thin, transparent cuticule in much of 
which are embedded very small, thickly set, recurved spines. These spines 
are evenly distributed over the whole surface of the anterior two-thirds of 
the worm except on the ventral surface of the holdfast. The spinous surface 
terminates abruptly at the level of the constriction limiting the cephalic from 
the caudal portions. 

Digestive System. 

The digestive system of Alaria arisaemoides does not differ materially 
from that of other Strigeidae (Pl. XVII, figs. 5 and 6). The terminal oral sucker 
opens through a short pre-pharynx into a slightly elongated pharynx which 
measures ca. 0-15 « 0-13 mm. The intestinal coeca diverge immediately from 
the posterior end of the pharynx and continue posteriorly in straight parallel 
lines to a level slightly below the acetabulum. Here the coeca bend forward 
and ventrally into the holdfast for a short distance when they recurve and 
pass, one on either side of the stalk, through the central portion of the holdfast, 
(Pl. XVII, figs. 5 and 6; Pl. XVIII, fig. 107.). At the level of the ovary the 
caeca bend slightly dorsally and pass into the caudal portion of the body where 
they then pass ventrally and extend posteriorly on either side of the median 
plane to end blindly at uneven levels in the region of the genital pore. Only 
a few remnants of food, apparently mucus, were found throughout the in- 
testinal tract. 


Male Organs. 


The male reproductive system is confined entirely within the caudal 
portion of the worm and consists of two testes, their vasa efferentia, a seminal 
reservoir, vas deferens, a seminal vesicle and ejaculatory duct. The two testes 
are lobed, unequal in size and one posterior to the other. The anterior testis 
is the smaller and measures 0-7 mm. x 1-04 mm. The posterior testis (0-68 x 
1-5 mm.) fills the transverse section of the body. It lies directly against the 
posterior margin of the smaller testis. The vas efferens of the posterior testis 
arises from the mid-ventral surface of this organ and runs anteriorly, dorsal 
and parallel to the vas deferens, between the two caeca until it reaches the 
posterior border of the anterior testis where it shifts to the right of the vas 
deferens and runs parallel and dorsal to the right intestinal caecum. The 
vas deferens of the anterior testis passes anteriorly to the left of the vas 
deferens and at the union of the two vasa efferentia a tubular seminal reservoir 
is formed. The seminal reservoir caps the anterior testis and occupies much 
of the space between the ovary and Mehlis’ gland. The vas deferens passes 
posteriorly from the seminal reservoir between the vasa efferentia, imme- 
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diately dorsal to the straight ventral or terminal portion of the uterus and 
ventral to the vas efferens of the posterior testis. At the level of the posterior 
pole of the posterior testis it becomes dilated into a thin-walled seminal 


-yesicle. The seminal vesicle is followed by a muscular duct which, after 


coiling, follows dorsally the terminal portion of the uterus for a short distance 
before its union with this to form a common genital duct (Text-fig. 2; Pl. XVII, 
fig. 7 ed.). A short genital papilla is found at the terminus of the common 
genital duct which leads into the common genital atrium, the exterior opening 
of which is the common genital pore (Pl. XVII, figs. 5, 6 and 7, pa., ga., gp.). 
The arrangement of the parts of the male system of Alaria arisaemoides is 
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Text-fig. 2. Alaria arisaemoides. Reconstruction of male reproductive organs, ventral aspect; 
at., anterior testis; ga., common genital atrium; gp., genital pore; 0., ovary; pt., posterior testis; 
sr., seminal reservoir; sv., seminal vesicle; vd., vas deferens; ve,., vas efferens of anterior testis; 
ve,., Vas efferens of posterior testis; ufa., ascending limb of uterus; utd., descending limb of 
uterus. From specimen 6 mm. in length. 


strikingly similar to that of Neodiplostomum cochleare [Hemistomum cochleare 
Krause 1915] Krause 1915. 
Female Organs. 


The ovary of Alaria arisaemoides is lobed, pyramidal in outline; 0-35 mm. 
in length and 0-45 mm. in width at its base. It lies at the constriction of the 
worm which separates the cephalic and caudal portions. It is, for the most 
part, ventral, but the base extends close to the dorsal surface and the anterior 
lobes extend somewhat into the holdfast. It also lies upon the anterior pole 
of the smaller testis. The oviduct arises on the ventral surface of the ovary 
and follows the line of demarcation between the ovary and anterior testis 
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along a right-hand course where it soon passes into an elongated, well-de- 
veloped odtype surrounded by the Mehlis’ gland which is located to the right 
of the anterior testis. From the odtype the uterus passes posteriorly toward 
the dorsal surface to the constriction between the anterior and posterior testes, 
It becomes somewhat dilated and this dilatation may be filled with sperma- 
tozoa. The uterus then turns and passes anteriorly and dorsally to the odtype 
and coils around the ventral portion of the ovary and seminal reservoir. It 
then enters and fills most of the basal portion of the holdfast with its many 
convolutions, after which it leaves this structure and descends ventral to its 
ascending limb into the holdfast and passes posteriorly almost in a straight 


uta 


Text-fig. 3. Alaria arisaemoides. Reconstruction of female reproductive system, ventral aspect; 
cvd., common vitelline duct; /c., Laurer’s canal; lvd., lateral vitelline duct; mg., Mehlis’ gland; 
6., OVary; 00., odtype; ov., oviduct; uta., ascending limb of uterus; utd., descending limb 
of uterus; vid., vitelline duct; vr., vitelline reservoir. From specimen 6 mm. in length. 


line along the mid-ventral surface of the hind body, running parallel and 
ventral to the vas deferens, passing between the two intestinal caeca until it 
unites with the ejaculatory duct to form the common genital duct, the 
openings of which have been previously described (Text-fig. 3). 

The vitelline follicles are highly developed and are most abundant in the 
posterior two-thirds of the holdfast, but are also distributed on the dorsal 
surface of the expanded cephalic portion of the worm where they appear 
evenly distributed. On the ventral surface of the holdfast, they are equally 
divided by a clear medial line which follows the pedicle. Two vitelline ducts 
arise in the holdfast and follow the intestinal coeca, one duct lying parallel 
to each caecum. At the level of the anterior lobes of the ovary the right 
duct is joined by a lateral vitelline duct from the right vitelline field of the 
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expanded cephalic portion of the worm, and at a slightly lower level a second 
lateral duct from the left vitelline field of the expanded cephalic portion joins 
the left duct leading out of the holdfast. From these connections the paired 
vitelline ducts continue downward, parallel to the caeca until they discharge 
into the vitelline reservoir located near the posterior border of the anterior 
testis (Text-fig. 3). The vitelline reservoir bends dorsally and forward into a 
small duct, which opens into the oviduct near its entrance into the odtype. 
A short distance before the vitelline duct joins the oviduct a short canal, 
Laurer’s canal, arises and passes straight to the mid-dorsal surface of the 
worm where it opens to the exterior at the union of the cephalic and caudal 
portions (Text-fig. 3, and Pl. XVII, fig. 6, Ic.). 

No seminal receptacle was discovered in Alaria arisaemoides. The presence 
or absence of this structure appears to be variable among the Strigeidae. 
Von Linstow (1906) records the presence of a seminal receptacle for Holo- 
stomum excisum Vv. Linst. and its absence in Holostomum macrocephalum Rud. 
Guberlet (1922) found a seminal receptacle in Alaria indistincta but not in 
Alaria gavia. Recently Van Haitsma (1925) noted a dilatation densely filled 
with spermatozoa in both the oviduct and Laurer’s canal at their junction 
in Crassiphiala bulboglossa v. Haitsma. Van Haitsma considers that this 
expansion represents a special condition rather than a distinct organ, for it 
was not constantly present in all individuals. 

Ova of A. arisaemoides were visible to the unaided eye on the surface of 
the host’s intestinal mucosa adjacent to the parasites (Pl. XVI, fig. 1). They are 
brown, oval in shape, operculated, and entirely undeveloped when deposited. 
Twenty-five ova gave an average measurement of 140 « 90x. 


Excretory System. 


The excretory system consists of a net-work of lacunae and canaliculi 
which permeate the entire space not occupied by the other systems. So ex- 
tensive is this system that the body of the worm, aside from special organs 
already described, appears alveolar in character with the connective tissue, 
parenchyma, reduced to delicate partitions. This system ends in the small 
excretory pore situated almost terminally on the dorsal surface (Pl. XVII, figs. 
7, 8 and 9 es., ep.). 

Host Reaction. 


The relation of A. arisaemoides to its host is of particular interest in view 
of its remarkable mode of attachment. The younger specimens were found 
almost completely embedded in the mucosa of the jejunum with the ventral 
surface facing the muscularis mucosae. As the worm grows, only the anterior 
third of the bedy remains embedded, while the posterior two-thirds is more 
or less free and bent dorsally so as to expose its ventral surface. The dorsal 
surface of the worm thus eventually tends to turn against the mucosa and the 
larger specimens were found extending transversely in the intestine with 
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their posterior extremities directed at an angle into the lumen of the latter 
(Text-fig. 4). 

Extending back over the embedded anterior extremity of the worm is a 
thick fold of the intestinal mucosa from under which arises a delicate, trans- 
parent, vascular membrane which envelops the holdfast, entirely covering its 
surface. This membrane is supplied with numerous, prominent blood vessels 
which extend more or less parallel to one another toward the posterior border 
of the holdfast. Apparently the oral and the ventral suckers do not serve 
for the attachment of the parasite to the host as they are small and poorly 
developed. Macroscopically there is no evidence of any inflammatory reaction 
and no marked congestion of the surrounding mucosa. When the worm is 
pulled free from the host, the vascular membrane remains prominently exposed 
as a wrinkled, pediculated excrescence showing considerable congestion. 

The microscopic study of stained sections of the worm and mucosa in situ 
shows practically no inflammatory reaction in the latter. Aside from an 
occasional polymorphonuclear leucocyte in the region of the worm’s attach- 


1 
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Text-fig. 4. Alaria arisaemoides. Diagram showing its position at progressive stages of develop- 
ment in its definitive host. The immature specimens, A and B, lie with the ventral side 
against the gut wall and are embedded in the mucosa. In older, mature specimens, C, D 
and E, the dorsal surface becomes applied to the mucosa and the ventral surface becomes 
exposed, /., lumen of intestine; me., mucous epithelium. 


ment, there is no cellular infiltration. The vascular membrane which envelops 
the holdfast consists of a thin layer of connective tissue bearing numerous 
blood vessels, as noted in the gross description, and an external layer of 
columnar epithelium showing here and there goblet cells discharging mucus. 
This epithelium is similar to that covering the intestinal villi, showing slightly 
developed folds and a well-developed cuticular layer, although its cells are 
compressed laterally so that they appear more slender. This membrane is 
somewhat thicker near its origin and here shows a number of tubular glands 
drawn into it from the mucosa. The surface of the vascular membrane in 
contact with the surface of the holdfast is devoid of epithelium and were it 
not for the fact that the cuticle of that organ is intact, the parasite would appear 
to be truly engrafted upon the tissue of the host (Pl. XVIII, figs. 10 and 11). 

The relation of host and parasite is made clear by a consideration of the 
implantation of the young forms in the tissue and their subsequent growth 
outward through the epithelial surface (see Text-fig. 4). 

The epithelium of the vascular membrane ends abruptly, approximately 
on a line where it comes into contact with the pedicle of the holdfast so that 
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that portion filling the helicoid canal is wholly devoid of epithelium. Not- 
withstanding this peculiar relation of parasite and host involving a break in 
the continuity of the epithelium, there is so perfect an adjustment that there 
is no suggestion of the inflammatory changes usually associated even with 
microscopic ulcerations. There is no exudate between the membrane and the 
holdfast and the presence in places of numbers of red blood corpuscles is 
readily explained by the escape of blood resulting from manipulation of the 
specimen. There is no indication that A. arisaemoides feeds upon red blood 
corpuscles for neither these nor pigment were found in its alimentary tract. 

The vascular character of the membrane investing the holdfast and what 
amounts to its implantation in the host tissue make it difficult to escape from 
the conclusion that at least a part of the nutrition of the worm is provided 
for by absorption through the holdfast. This view is borne out by the slight 
development of the oral sucker, and the scanty, visible food material in the 
caeca. In fact, the relation of the holdfast to the host tissue is quite similar 
to that of cysticerci except that there is in the present instance an additional 
provision for nutrition furnished by a new growth of blood vessels. 


SuMMARY. 


Alaria arisaemoides, n.sp., is described from the red fox, Vulpes fulva. 
The attachment of this parasite to its host and the host reaction are 
discussed in detail. 
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Fig. 
Fig. 


Fig. 


Fig. 


EXPLANATION OF PLATES XVI—XVIII. 


PLATE XVI. 


Alaria arisaemoides. 
1. Pencil drawings showing four specimens attached to gut wall of host. The largest 
specimen on the right is turned so as to view the dorsal side. Ova are shown scattered about 
on the intestinal mucosa between the worms. 
2. Pencil drawing of ventral side. 
3. Pencil drawing of dorsal side. 
4. Photo-micrograph, ventral aspect, showing expansion of the foliate margins. 


PLATE XVII. 


Alaria arisaemoides. 


. 5. Reconstruction showing relative position of the organs. Ventral aspect. 
. 6. Reconstruction. Right lateral view. The right lamellar expansion of the cephalic portion 


is shown cut close to the body proper. The dotted lines indicate its normal position. 


. 7. Cross-section through region of genital pore showing the union of male and female genital 


systems. Viewed from anterior side. 
8. Sagittal section of caudal portion showing (a) position of genital and excretory pores, 
(6) union of male and female genital systems. 


x. 9. Cross-section through the middle of posterior testis as seen from the dorsal side. It 


shows the relations of descending straight portion of uterus to vas deferens and the two 
intestinal caeca. 


PLATE XVIII. 
Alaria arisaemoides. 


ig. 10. A somewhat oblique cross-section through the lower cephalic portion showing the 


manner of attachment to the host. The section shows the intestinal caeca in the holdfast 
as they bend dorsally to enter the caudal portion of the body. 

11. Block from Fig. 10 enlarged showing relation of host and parasite. The block here is 
placed in the horizontal plane while in Fig. 10 it is vertical. 


KEY TO LETTERING OF PLATES XVII, XVIII. 


a. Acetabulum. o. Ovary. 

aa. Holdfast. os. Oral sucker. 

ap. Cephalic portion. ov. Oviduct. 

at. Anterior testis. p. Pedicle. 

bv. Blood. vessels. pa. Genital papilla. 

cd. Common genital duct. ph. Pharynx. 

cp. Caudal portion. pr. Prepharynx. , 

ct. Connective tissue. pt. Posterior testis, 

cvd. Common vitelline duct. sr. Seminal reservoir. 

ds. Dorsal surface. sw. Symmetrical wings. 

ejd. Ejaculatory duct. u. Uterus. 

ep. Excretory pore. uta. Ascending limb of uterus. 

es. Excretory system. utd. Descending limb of uterus. 
ga. Common genital atrium. vd. Vas deferens. 

gp. Genital pore. ve,. Vas efferens of anterior testis. 
i. Intestine. ve,. Vas efferens of posterior testis. 
ie. Intestinal epithelium of host. ° vi. Vitellaria. 

ig. Intestinal glands. vid. Vitelline duct. 

lc. Laurer’s canal. vr. Vitelline reservoir. 

me. Mucous epithelium. vs. Seminal vesicle. 

mg. Mehlis’ gland with odtype. w. Lamellar folds of cephalic portion. 


mp. Membranous portion. 


(MS. received for publication ca. 28. 1. 1927.—Ed.) 
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ON THE ANATOMY OF THE TREMATODE PARY- 
PHOSTOMUM RADIATUM DIETZ, 1909. 


By E. E. EDWARDS, M.Sc. 
(Department of Zoology, University College of Wales, Aberystwyth.) 


(With Plates XIX-XX1.) 
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1. INTRODUCTION. 


THE material for this investigation was obtained from the intestines of 
cormorants shot on the coast of Cardigan Bay between Aberystwyth and 
Borth. Of 23 birds examined, 5, or 23 per cent., were infected with this 
species. Anything from 1-10 individuals were obtained from each intestine. 

The cormorants were shot during the months September to February. 
Of the 23 birds, 4, examined during September, were uninfected and 2 ex- 
amined in the beginning of November had only immature forms present. 

The habitat is usually the middle region of the intestine, but on two 
occasions single individuals were found in the rectum. When alive they are 
of a creamy colour and can easily be seen in the intestinal contents. A 

The following account of the anatomy is based on the examination of 
whole mounts and serial sections. The complete anatomy cannot be ascertained 
from whole mounts due to the comparative thickness of the worm. Trans- 
verse, sagittal, horizontal and longitudinal sections have been found necessary. 


2. History or THE GENUS ParyPHOSTOMUM. 


The genus Paryphostomum was proposed by Dietz in 1909 with Parypho- 
stomum radiatum as type species. The species radiatum (Distomum radiatum) 
was created by Dujardin in 1845 on an examination of two examples from the 
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intestines of Phalacrocorax carbo in the collections of the Paris Museum. 
Wedl in 1857 described a Trematode from the intestines of Phalacrocorax 
carbo under the name Distomum echinatum but Dietz (1910) concluded that 
the D. echinatum of Wedl agreed in all respects with the D. radiatum of 
Dujardin. D. echinatum Wedl is consequently a synonym of D. radiatum 
Dujardin and of Paryphostomum radiatum (Dietz). Dietz regarded the char- 
acters shown by the species radiatum to be sufficiently different from those 
of other Distomids to necessitate the creation of the genus Paryphostomum. 


3. THE ANATOMY OF PARYPHOSTOMUM RADIATUM. 
(a) Technique. 

The specimens were fixed under slight pressure in hot alcoholic-sublimate- 
acetic, Bouin’s mixture, or in picro-acetic. The whole mount preparations 
were stained in Ehrlich’s acid haematoxylin, acid fuchsin, borax carmine or 
alum carmine, and cleared in xylol. For serial sections the specimens were 
fixed in alcoholic-sublimate solution and stained in Mann’s stain. The fixative 
was washed out with iodine alcohol and water. 


(b) External Characters. 


The shape is oblong, somewhat cylindrical anteriorly and _ posteriorly 
flattened dorso-ventrally (Pl. XIX, fig. 1). 

On being killed or allowed to die in its natural habitat the pre-acetabular 
region becomes arched, from side to side, and antero-posteriorly; the ventral 
surface becomes concave and the anterior end is completely turned back- 
wards parallel with the post-acetabular region. The latter is flatter, more 
delicate in structure and not nearly so muscular nor capable of so much 
contraction as the pre-acetabular region. 

The mature specimens obtained were from 2-3 to 6 mm. in length. The 
greatest width occurs at the testicular region. The length of the body is 
4-5 times the breadth. The depth of the body varies from 0-18 mm. in the 
neck region to 0-54 mm. at the posterior region of the ventral sucker. The 
pre-acetabular region has an average depth of 0-37 mm. 

At the anterior extremity the body widens to form a collar which is strongly 
developed except in the mid-ventral line where it is represented by a low ridge 
only. The collar bears a single unbroken row of 27 spines; in some specimens 
the marginal spines tend to be arranged in a double row. The spines in the 
terminal groups are constantly larger than the marginal ones. In all specimens 
examined the outermost spine in each end group is larger than the other three. 
This end spine in a specimen of 5mm. length (to which all the following 
measurements are referred unless otherwise stated) is 0-128 mm. in length 
by 0-03 mm. in basal diameter. The other terminal spines have a measure- 
ment of 0-1129mm. by 0-0188mm. The marginal spines are 0-0885 to 
0-0922 mm. long and 0-0188 mm. in basal diameter. 
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(c) Structure of Integument. 


The whole body is covered with a fairly uniform cuticle, the depth of 
which is 0-009 mm. above and 0-0056 mm. below. In its anterior part the 
integument, both ventrally and laterally, is thickly covered by a mass of 
small spines, which gradually decrease in number from the level of the ventral 
sucker until they disappear at the level of the hind margin of the posterior 
testis. They are only present dorsally as far as the level of the posterior 
border of the pharynx. : 

The spines, which are directed posteriorly, are deeply embedded in the 
cuticle, and penetrate its whole thickness, causing a bulging of the basement 
membrane. They are of a fairly uniform size. The largest spines are found 
ventrally, gradually diminishing in size in the lateral regions. Those of the 
pre-acetabular region are stouter and more bluntly pointed than those on 
the post-acetabular region. The most common measurement in the latter is 
0-011-0-014 mm. by 0-0025 mm. and in the former 0-008 to 0-01 mm. by 
0-003 mm. in length and basal diameter respectively. 


(d) Muscular Systems. 


The musculature of the body is strongly developed and conforms to the 
usual type of Trematoda musculature. Immediately beneath the basement 
membrane lies a complete layer of circular fibres which are arranged singly. 
They are separated by a space of slightly less than their thickness. Within 
the circular band is a much thicker layer of longitudinal fibres. These are 
arranged, for the most part, in groups of 3, the successive fibres being 
adjacent to one another. Ventrally in the neck region a group may consist of 
6-7 fibres. Internally to the longitudinal fibres run diagonal fibres. They 
are arranged in pairs, and are in intimate contact. Those passing in opposite 
directions make an angle of 135° and 90° with each other in the pre- and 
post-acetabular regions respectively; but this seems to vary with the amount 
of contraction. A dorso-ventral system of muscle fibres is well developed, 
particularly in the neck region. The majority of the dorso-ventral fibres 
are perpendicular to the dorsal and ventral surfaces of the body and at each 
end the fibres are branched. 

Beneath the diagonal muscular fibres is a layer of what may be regarded 
as either cutaneous glands or the myoblasts of the subcutaneous muscle 
fibres. It is probable, in the present species at least, that two distinct varieties 
of cells are met with in this layer. The most numerous are small rounded 
cells, 0-012-0-016 mm. in diameter, giving rise to 3-5 radiating filaments. 
The cell plasma is only faintly stained a light blue with Mann’s stain and 
the outlines of the individual cells can hardly be distinguished from the other 
parenchymatous tissue cells. The nuclei are very conspicuous, taking ona deeper 
tint. The nucleoli are always distinct, being stained a deep blue or purple. 
These cells are probablv the myoblasts. 
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The other variety of cells can probably be regarded as the cutaneous 
gland cells. They are much less numerous and occur chiefly, if not exclusively, 
immediately below the diagonal muscular layer. They are roughly pear- 
shaped with the narrow end directed towards the outer surface but no efferent 
conducting portions could be made out with certainty. They present a fairly 
distinct cell wall and a homogeneous, finely granular content. They closely 
resemble the “myoblasts” in staining reaction but usually have a faint 
purplish tint. 

True cutaneous glands are present but are only few in number, occurring 
chiefly in the oesophageal region. They are roughly pear-shaped with their 
narrow ends drawn out into fine ducts directed anteriorly. They measure 
0-05-0-07 mm. by 0-034 mm. The general appearance of the cell plasma and 
its staining reaction is much the same as that of the shell gland and prostatic 
cells. Centrally is situated a large oval nucleus with a distinct nucleolus. 


(e) Suckers. 


The acetabulum is well developed and muscular, and in many cases re- 
taining within its grasp a piece of the mucous membrane of the host’s intestine. 
In a transparency its outline is roughly egg- or pear-shaped with the narrow 
end directed posteriorly. Its position in relation to the length of the body 
varies with the size of the animal. The length of the neck (i.e. the distance 
between the centres of the suckers) in specimens 2-3-2 mm. is 2/7 and in 
specimens 3-5-6 mm. long 1/4 to 1/5 of the body length. It is noteworthy 
that there is almost a constant ratio between the length of the neck and of 
the post-acetabular region of 2 : 5 for all specimens up to 3-2 mm. long; that 
is, the growth of the post-acetabular region is proportional to the length of 
the pre-acetabular region. For specimens exceeding a length of 3-2 mm. there 
is a gradual increase in the rate of growth of the post-acetabular region over 
that of the neck region with the increase in size of the animal. For specimens 
5 mm. long, a new ratio of 2 : 9 is attained. This ratio remains constant for 
all specimens of a greater length than 5 mm. 

The length of the ventral sucker is about 3/20 of the body length for 
specimens from 1-8 mm. to 4mm. long and 1/9 to 1/11 for specimens from 
5 to 6 mm. long. 

Generally the ventral sucker does not project much above the body surface. 
Its cavity is lined by a cuticular layer continuous with the body cuticle, but 
somewhat thinner. Underneath the cuticle is a thin fibrous membrane con- 
tinuous with the external membrane separating the sucker from the body 
parenchyma. Between the external and internal membranes are the radial 
muscle fibres arranged in groups of 5-10 fibres. Close beneath each membrane 
there is a strand of circular muscle fibres. This attains its maximum depth 
in the angles of the dorsal with the lateral regions of the sucker. The fibres 
themselves are much finer than the radial muscle fibres. 

In the sucker there are at least three varieties of cells. Numerous small 
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rounded or slightly oval cells are seen giving rise to fine radiating filaments. 
They bear more resemblance to the small myoblast cells of the body wall than 
any other cells in the body. 

The second variety are large cells, occurring in the median zone, slightly 
nearer the external limiting membrane. They are few in number, not more 
than one or two appearing in any one section. They measure 0-017 by 0-024 mm. 
and give off a number of filaments. 

The third variety are large rounded cells having a diameter of 0-002 mm., 
and occur round the opening of the sucker. 

The ventral sucker possesses a strong extrinsic musculature. All round 
its periphery strong bundles of muscular and connective tissue fibres take 
origin and run out radially to be inserted into the dorsal, ventral and lateral 
regions of the body wall. Of these radiating muscular fibres, those strands 
that originate in the postero-ventral region, and which pass in an oblique 
direction to be inserted in the body wall in front of the anterior level of the 
ovary are best developed (see Pl. XIX, fig. 2). 

The oral sucker is small and nearly globular but it may be slightly elongated 
in the longitudinal axis of the body. It is subterminal and directed ventrally 
as is indicated in Pl. XIX, fig. 2, which represents part of a median sagittal 
longitudinal section. The shape of the opening is variable, but is usually 
triangular. The anterior dorsal part of the wall of the sucker is slightly thicker 
than the remainder. The ratio of the diameter of the oral sucker to the ventral 
sucker is 1 : 3. 

The histological structure is essentially the same as that of the ventral 
sucker, but the muscle fibres show a smaller diameter. Common in the oral 
sucker are oval pear-shaped cells with their narrow ends directed towards its 
cavity. Probably these open by very fine ducts into the cavity of the sucker. 
They occur chiefly, if not exclusively, in the thick dorsal part of the wall, 
near the aperture of the sucker. They measure 0-017 by 0-002 mm. and have 
a very distinct cell wall. The cell body presents a loose granular appearance 
and as a rule stains a light blue with methyl blue and eosin. The nucleus is 
small, dense, slightly oval, and measures 0-0042 by 0-005 mm., with a con- 
spicuous rounded nucleolus. 


(f) Alimentary Canal. 


The mouth opens into a short but distinct prepharynx. Internally the 
prepharynx is lined by a cuticle contiguous with that lining the cavity of 
the oral sucker, and is continued as the internal limiting membrane of the 
pharynx. 

The pharynx is of a moderate size and usually oval, slightly flattened 
dorso-ventrally, being about half the length of the oesophagus and elongated 
in the longitudinal direction (Pl. XIX, figs. 1 and 2). Its length in a 5mm. 
specimen is 0-16 mm., breadth 0-145 mm. and depth 0-135 mm. The histo- 
logical structure appears to be the same as that of the suckers, but the radial 
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fibres have a greater average thickness and are more closely packed. The 
lacunar spaces are much reduced and contain very few cells. Its lumen usually 
presents a dorso-ventrally slit appearance in transverse sections. Externally 
it is invested by a fibrous membrane contiguous to the external membrane of 
the prepharynx and of the oral sucker. It also possesses a strong extrinsic 
musculature. Inserted in the posterior surface of the oral sucker is a layer 
of muscle fibres which originate in the external membrane of the pharynx. 
These fibres are arranged singly, and are separated by spaces equal to their 
diameter. The thickness of the fibres and the amount of space varies with 
the degree of contraction. 

The oesophagus is 0-32 mm. long with a diameter of 0-07 mm. It is oval 
in transverse section, and the intestinal bifurcation occurs a short distance 
(0-025 mm.) in front of the ventral sucker. Internally it is lined by a single 
layer of epithelial cells, which give rise in the latter portion of the oesophagus 
to numerous villi or amoeboid-like projections. This layer is essentially 
similar to that lining the intestinal rami. The musculature consists of the 
usual internal circular and external longitudinal layers. The intestinal diver- 
ticula pass out widely round the ventral sucker and are continued to a point 
about 0-13 mm. from the posterior end of the body. Their peculiar bend as 
they approach the ovary and their widening out again as they pass the testes 
is a constant feature, as is also their slight inward inclination at their termina- 
tion (Pl. XIX, fig. 1). At first they lie just below the dorsal body wall (see 
Pl. XX, fig. 6) but after passing the ventral sucker they take up a ventral 
position. Their transverse section anteriorly is oval, with an average diameter 
of 0-07 mm. It is lined throughout by a well-marked epithelium which is 
columnar in type. The cells are vacuolated, have no cell membranes, and 
they vary immensely in size and shape, especially towards the posterior 
termination. The cells are of two kinds. The first kind is large, more or less 
club-shaped and their ends may project to a length of 0-027 mm. into the 
lumen of the intestine (Pl. X XI, fig. 9). The second kind are small rounded 
cells which lie flat against the basement membrane, and their content is denser 
than in the more extended cells (Pl. X XI, fig. 10). The musculature is the 
same as that of the oesophagus, but not so well developed. Here and there 
the intestine is attached to the body walls by fibrous bundles, many of which 
appear to be muscular. 

(g) Nervous System. 


_ The nervous system is of the usual type, consisting of two large cerebral 
ganglia, one on either side, in front of the pharynx. They are joined by a 
thick dorsal transverse commissure and give off a number of fine nerves to 
the integument of the anterior end. Each cerebral ganglion gives rise to a 
posterior lateral nerve cord, which has a ventral position close to the outer 
side of the intestinal limbs. 
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(h) Exeretory System (Pl. XIX, fig. 3). 


The excretory system differs from the type usually found in Trematodes. 
The excretory pore is on the dorsal surface, situated about 0-1 mm. from the 
posterior end. The vesicle consists of an elongated terminal sac occupying 
the median zone of the body, and extending as far forward as the posterior 
border of the hind testis. The outline of the vesicle is very irregular and its 
lumen, in the anterior third, is divided by two incomplete transverse septa, 
leaving an aperture about 0-1 mm. in diameter. From the vesicle about 10 
or 11 short, wide, asymmetrical branches are given off on each side. Of 
these branches 7 or 8 pass dorsally whilst 3 pass ventrally to the in- 
testinal rami. The 3 passing ventrally are situated near the posterior 
end of the vesicle. The vesicle gives rise anteriorly to 2 vessels which pass 
forward dorsally to the testes, by which they are transversely compressed, 
but expanding in the spaces between the testes and the shell gland. Laterally 
they are confined within the intestinal rami. Immediately behind the shell 
gland complex, each vessel divides into dorsal and ventral branches which 
are smaller. The dorsal branch extends forward along the dorsal lateral 
border of the shell gland and ovary, near the inner side of the intestinal limbs, 
but ends blindly in front about midway between the ovary and the ventral 
sucker (Pl. XIX, figs. 2, 3, d.e.v.). The ventral branch takes up a position 
ventral to the shell gland and ovary and is placed approximately in the same 
lateral plane as the dorsal branch (Pl. XX, fig. 5). The ventral branch near 
the distal termination of the dorsal branch, expands considerably, to occupy 
practically the whole space between the uterine coils and the intestinal 
diverticula. The two ventral vessels pass over the ventral sucker as two wide, 
transversely oval tubes, one on each side of the vagina. They gradually 
diminish in size as they laterally diverge round the outer sides of the cirrus 
pouch (PI. XX, fig. 6). They extend forward as far as the level of the pharynx. 
and their ends occupy a position about midway between the pharynx and the 
margin of the body. All along their course the excretory canals are provided 
with a number of wide side branches, regularly given off on the outer side 
and extending to the edge of the body (PI. XIX, fig. 3). In the regions of the 
neck, shell gland and ovary, branches are given off towards the median line 
as well. Neither do the main vessels nor the branches given off anastomose 
with one another. 

The system is lined throughout by a thin but distinct membrane and 
embedded in this there is a regular layer of globular or slightly oval nuclei. 
The nucleoli and chromatophil granules stain a dark blue or purple with 
methyl blue and eosin, while the rest of the nucleus has a lighter tint. No cell 
outline could be discriminated except at the extreme hind region of the 
vesicle, where small scattered epithelial cells can be observed. Many of these 
cells stand out prominently, appearing highly extensile, while others are 
flattened out and their outlines are hardly observable. So it is highly probable 
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that these cells are able to change their shape in some degree. Muscle fibres 
are only present in the wall of the vesicle. They are arranged in a dorsal and 
a ventral group, but this is not invariable, a few longitudinal fibres being 
present in the lateral regions of the posterior half of the vesicle. Each group 
consists of about 10-15 longitudinal fibres. In addition, the vesicle possesses 
a strong extrinsic musculature, which is best developed towards its posterior 
region. All along the lateral regions, groups of strong muscular fibres pass to 
both the ventral and dorsal body walls. 

The remainder of the excretory apparatus consists of a long narrow 
collecting tubule, one on each side of the body, extending from the level of 
anterior termination of the main antero-lateral canal to about the middle of 
the post-testicular region (Pl. XIX, fig. 3 m.c.t.); they have a ventral situation 
close to the inner side of the intestinal diverticula (Pl. XX, fig. 5). They are 
circular in section, measuring 0-01 to 0-015 mm. in diameter. The wall is 
0-0013 mm. thick and appears to be cuticular in nature. The collecting tubules 
are lined throughout the greater part of their length with flagella. 

A short distance behind the middle of the post-testicular region, each 
tubule receives two anteriorly directed branches. The foremost branch arises 
from the inner aspect of the tubule, but immediately bends ventral to its 
outer side, and extends forward, almost in a straight line, along the ventro- 
median line of the intestinal diverticulum, to the level of the shell gland 
(Pl. XIX, fig. 3, s.a.v.c.t.). The other branch (s.a.d.c.t.) extends only as far 
as the level of the hind margin of the posterior testis. At first, for nearly 
half its length it has a dorsal situation near the middle line of the intestinal 
ramus. It then suddenly curves ventrally (on the inner side of the intestinal 
ramus) to occupy a position a little to the inside of the foremost branch, and 
remains in this position for the rest of its length. Close behind the origin of 
the hindmost branch the tubules curve to the dorso-median plane of the 
corresponding intestinal diverticula (s.p.d.c.t.). They pass round the extreme 
posterior end of the intestinal diverticula and then they turn back on them- 
selves and run forward ventrally to a point approximately near the junction 
of the posterior branch (s.p.v.c.t.). The wall of each tubule from the origin 
of the foremost branch to its posterior termination as well as its branches is 
histologically different from that of the rest of the tubule. They are lined 
internally by a somewhat thinner limiting membrane, and in addition there 
is a continuous layer of large closely packed cells to the outside of the limiting 
membrane. 

(i) Genital System. 

There is no sinus genitalis, the male and female ducts open separately, 
close behind the intestinal bifurcation. The male opening is median and 
slightly in front and to the right of the female opening (PI. XIX, fig. 1; Pl. XXI, 
fig. 7). 

(i) The Male Genital System. The testes are two distinctly lobed or rosette- 
like bodies, situated close together, directly tandem, and in the middle line of 
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the body (Pl. XIX, fig. 1). There are usually 4-5 lobes on the anterior testis, 
and 5-6 on the posterior, but this is not invariable. Further, one or two of 
the lobes on either testis may be deeply indented. The posterior testis is about 
two-thirds of the body length from the anterior end, 7.e. approximately in 
the middle between the ventral sucker and the hinder end of the body. The 
post-testicular space measures 1-35 mm. (7.e. about three-sevenths of the body 
length). The antero-posterior axis of the anterior testis measures 0-5 mm.; 
the transverse axis 0-48mm.; the depth 0-296mm. The corresponding 
measurements of the posterior testis are 0-55 mm.; 0-55 mm. and 0-245 mm. 

Both vasa deferentia take their origin on the dorsal surface, at a point 
near the posterior end of the anterior third but a little to the left of the 
middle line of their respective testes. Leaving the dorsal surface of the 
posterior testis, the right vas deferens curves ventrally and runs forward 
almost in a straight line along the ventral surface as far as the posterior 
border of the anterior testis. Then it passes dorsally over the latter, and runs 
forward almost parallel with the ventral edge (Pl. XX, fig. 5). Immediately 
after leaving the anterior testis the left vas deferens passes ventrally to 
occupy a similar situation to the right vas deferens near the left diverticulum. 
In the intercaecal space in front of the ovary, both curve gradually towards 
the dorsal median line. Immediately behind the cirrus pouch the left vas 
deferens curves dorsally over the vagina and together with the right vas deferens 
enters into the vesicula seminalis (Pl. X XI, fig. 7). 

The cirrus pouch is ovoid, with the narrow end directed forward, with a 
slight inclination ventrally. It extends posteriorly to the level of the centre 
of the ventral sucker, on the dorsal surface of which it lies (Pl. XIX, fig. 2). 
Its length is 0-7 mm., the maximum breadth is 0-3 mm. and maximum depth 
0-25 mm. Its wall consists of an internal circular and an external longitudinal 
muscle layer. The thickness of the combined muscular layers is only 
0-002 mm. in diameter. 

The vesicula seminalis is an oval body, bipartite, filling the greater portion 
of the pouch (PI. X XI, fig. 7). It is divided into a small proximal part and a 
larger more oval distal part. It is bounded by a thin limiting membrane, 
which is in connection with the wall of the cirrus pouch by a loose network of 
connective fibres. Posteriorly the limiting membrane is contiguous with the 
wall of the cirrus sac. The vesicula seminalis measures 0-66 by 0-22 mm. 
Anteriorly to the right it opens by means of a minute aperture into a fairly 
wide duct. This duct extends back along its left ventro-lateral border to 
about the level of the centre of the vesicula seminalis. It then turns to the 
right, forming an angle of 90°, and passes underneath the vesicula seminalis 
to join the pars prostatica. It is 0-3 mm. in length and 0-085 mm. in trans- 
verse diameter. The prostatica duct runs forward, at first along the right 
ventro-lateral surface of the vesicula seminalis but towards the anterior end 
of the latter it comes to lie medio-ventral to it as it passes forward to the 
genital aperture. The length of this part is 0-226 mm. Into it open the ducts 
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of the prostatic cells. These are comparatively few and are almost entirely 
confined to the area around the prostatic duct. They are club-like bodies, 
elongated in the longitudinal axis of the cirrus. Their size and shape varies 
with the degree of compression exerted upon them during the extrusion of 
the cirrus. The general appearance and staining reactions of these cells bear 
a close resemblance to those of the shell gland. Near its anterior end the 
prostatic duct suddenly decreases in width as it passes into the ductus ejacu- 
latorius. The latter is 0-066 mm. long. Around its initial part are a few 
large cells, which obviously are not the prostatic cells. Their cell plasma is 
coarsely granular and stains a faint reddish purple with Mann’s stain. Their 
nuclei are very distinct and take on a bright red stain. Scattered in the midst 
of the apparently longitudinal muscular fibres around the ductus ejaculatorius 
are numerous small cells. Their nuclei stain deep blue, while the chromatin 
granules take on a still deeper coloration. In the specimen under consideration 
the exsertile cirrus was extended 0-263 mm. beyond the male genital aperture 
(Pl. XIX, fig..2; Pl. XXI, fig. 7). Its maximum diameter is 0-15 mm. The 
surface of the cirrus is covered with a fairly uniform cuticle, and is beset 
throughout its whole length with a mass of closely packed minute, pointed spines. 

(ii) The Female Genital System. The ovary is situated about the posterior 
third of the distance between the ventral sucker and the anterior testis and 
a little to the right of the middle line. It is nearly spherical in shape, with 
an entire margin, lies nearer the ventral surface and measures 0-21 mm. in 
diameter. The wall of the ovary consists of a structureless basement mem- 
brane, lined internally with an irregular layer of cells (Pl. XXI, fig. 11). 
Peripherally the ovarian cells or ova are smaller and are more compacted 
than in the centre and posterior part of the organ. The largest ova are 0-017 
to 0-002 mm. by 0-017 mm. in size. They are hexagonal in shape, with large 
rounded nuclei. The cell plasma round the nucleus stains a deep blue and 
presents a granular appearance, but in the peripheral zone the plasma takes 
on a lighter tint with Mann’s stain. The nucleus is very conspicuous, sur- 
rounded by a very distinct wall and its plasma appears granular and stains 
light blue. After dehydrating with acetone the nucleolus takes on a bright 
red stain. 

Immediately posterior to the ovary and to the left is the shell gland. The 
oviduct issues from the posterior surface of the ovary and is 0-052 mm. in 
diameter (Pl. XX, fig. 4). After passing backwards it curves dorsally and to 
the left to open on the ventral side of the blind end of a much wider tube or 
sac, the maximum diameter of which is 0-092 mm. The sac into which the 
oviduct opens is roughly pear-shaped, with the narrow end directed posteriorly 
and to the left to occupy the middle dorsal zone of the shell gland. This sac 
functions as a “receptaculum seminis,” and in, the sexually mature worms 
examined, its distal end and the initial part of Laurer’s canal were packed 
with sperms. 

Laurer’s canal arises from the “receptaculum seminis” at its left dorso- 
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posterior surface. Leaving the “‘receptaculum seminis” the canal runs pos- 
teriorly parallel to the dorsal surface and then turns abruptly at a right angle 
towards the dorsal surface, where it opens almost in the middle line. It is 
a fairly muscular cylindrical tube with a lumen 0-01 mm. in diameter. It 
is surrounded throughout its whole course by numerous small cells. 

From the origin of the Laurer’s canal the “receptaculum seminis” dimin- 
ishes rapidly in diameter as it passes towards the left of the shell gland. It 
then passes ventrally as a narrow tube to enter into the odtype on its left 
surface. Just before entering the odtype it receives the common yolk-duct 
(Pl. XX, fig. 4). 

The shell gland presents a fairly distinct body to external view but seems 
to vary a great deal in shape. Typically it is more or less oval, the long axis 
being directed obliquely downwards to the middle line of the body, measuring 
0:22 by 0-194 mm. It is composed of a large number of cells closely aggre- 
gated and is not enclosed within a membrane. The cells are club-like bodies 
radiating in all directions from the oétype, into which they empty by their 
narrower neck-like portions. 

The odtype is globular, measuring 0-08-0-086 mm., but may be slightly 
dorso-ventrally flattened (Pl. XX, fig. 5). Internally it is lined by a regular 
non-ciliated epithelial cellular layer with deeply stained nuclei. 

The yolk glands are very conspicuous structures occupying the lateral 
margins of the body from the posterior border of the ventral sucker to the 
caudal extremity (Pl. XIX, fig. 1). They completely envelop the intestinal 
diverticula, especially on the dorsal surface, but do not overlap the ovary, 
shell gland or testes, and practically unite in the middle line in the post- 
testicular region. In section they are seen to be arranged as a layer of rather 
large pear-shaped follicles. Many of the follicles attain a size of 0-14 by 
0-07 mm. The yolk-ducts have the usual disposition, but their ramification 
can only be traced in sections. One main ventral longitudinal duct runs along 
either side of the body, parallel to the intestinal diverticula, but a little to 
the outside of them. To these, numerous ductules proceed from the follicles 
directly. From each of these main yolk-ducts a transverse duct passes inwards 
along the anterior border of the anterior testis to unite in a small median 
yolk receptacle. The latter is situated about the middle line of the body, on 
the posterior surface of the shell gland. It is a compact pear-shaped organ 
with its narrow end directed dorsally and slightly forward (Pl. XX, fig. 4). 
From its apex a slender duct takes origin and runs obliquely forward and 
slightly ventrally, through the follicles of the shell gland, to enter into the 
odtype. 

The wall of the yolk follicles consists of a thin limiting membrane. No 
true epithelium or intrinsic muscle fibres were observed in either the yolk 
follicles or the yolk-ducts. The component cells are well differentiated, being 
surrounded by a definite thin structureless membrane in all stages of their 
development. Their nuclei are very conspicuous, measuring 0-006 mm. in 
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diameter and stain uniformly deep blue with Mann’s stain. The nucleolus is 
also distinct, and takes a deeper stain. The cell plasma takes on a light blue 
to a purplish tint, while the yolk granules stain bright red. Most of the smallest 
cells are situated round the periphery of the follicle and appear to consist of 
little more than the centrally situated nucleus. In slightly larger cells few 
yolk granules are present. The largest yolk cells are spherical or oval bodies, 
having a diameter of 0-02-0-026 mm., with the yolk granules arranged peri- 
pherally and the cell plasma hardly stained. The nuclei when present are 
often heavily laden with yolk substance. It is in this condition that the yolk 
cells are despatched from the follicles. The yolk-ducts and reservoir contain 
only such cells. Finally, in the initial part of the common yolk-duct, the 
cell membrane ruptures and the yolk granules become free, and pass on into 
the odtype. These granules retain their colour throughout and can be seen 
within most mature ova. It seems, thus, that the yolk material is the result 
of a process of proliferation and not a process of secretion. 

The uterus arises from a point on the right surface of the odtype directly 
opposite to the point of entrance of the duct of the “receptaculum seminis.” 
It is a fairly muscular duct with a diameter of 0-028 mm., and a lumen of 
0-0075 mm. To admit the passage of an ovum it must therefore be capable 
of considerable expansion. Apparently the wall is composed mainly of circular 
muscle fibres. Leaving the odtype it turns ventrally and then forward as a 
wide thin walled canal slightly to the left of the median ventral line as far 
as the level of the anterior margin of the ovary. Thence, it describes roughly 
a transverse S-shaped bend, before passing into the vagina near the level of 
the posterior end of the ventral sucker (Pl. XTX, fig. 1). Laterally it is confined 
by the intestinal diverticula. The vagina runs straight forward in the median 
line dorsal to the ventral sucker as far as the posterior border of the cirrus 
pouch. It then curves to the left of the cirrus pouch (Pl. XX, fig. 6) and dips 
ventrally and opens out as the female genital aperture at a point slightly 
posterior to the male aperture (Pl. X-XI, fig. 7). The vagina is very muscular, 
being 0-03 mm. in diameter, in the undilated condition. The thickness of the 
combined muscular layers is 0-0025 mm. It consists of the following layers: 
1. A lumen of 0-017 mm. diameter. 2. A homogeneous cuticular layer, 
0-004 mm. thick. 3. A circular muscle layer. It forms by far the major part 
of the vaginal wall (Pl. XX, fig. 6). 4. A longitudinal muscle layer. The 
fibres are arranged in a single series. 5. A cellular layer of numerous small 
rounded cells (Pl. XIX, fig. 3). Probably they are the peri-vaginal cells re- 
ferred to by other workers. 

These cells in this species, stain purple with Mann’s stain and have a 
diameter of 0-01 mm. They appear to be fused together in large groups, so 
that the outlines of the individual cells are not well defined. The nucleus is 
round, 0-0043 in diameter, with a distinct nucleolus. In general appearance 
and staining reaction they bear close resemblance to the subcutaneous 
cells. 
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The ova are only few in number; the maximum number observed was 48. 
They measure 0-08 to 0-1 mm. in length and 0-05 to 0-064 mm. in breadth 
and average 0-085 by 0-056 mm. The shell is very thin, being 0-0013 mm. 
thick and bright yellow, but in one specimen examined it was black. There 
is no intra-uterine segmentation. 


(j) Observations on Immature Forms. 


In cormorants examined in the beginning of November a few immature 
forms of this species were obtained. The smallest mature specimen (7.e. taking 
the production of ova as a criterion of maturity) found measured 2-29 mm. 
and the largest immature specimen 1-97 mm. in length. Admitting that a 
certain size limit exists between immature and mature specimens, it appears 
in the present species to lie somewhere between the above. 

The smallest individual found measured 1-79mm. Thus it is evident 
that the cercariae must increase in length by about one-third at least before 
attaining sexual maturity. 

The maximum width of the immature forms occurs at the acetabular 
region from where the body gradually tapers towards both extremities. The 
oral and ventral suckers are well formed, and the head is surrounded by the 
typical collar of 27 spines. The marginal spines in a specimen of 1-9 mm. 
length are 0-058 mm. in length, by 0-012 mm. in breadth. The corresponding 
measurements of the end group spines are 0-07 mm. and 0-017 mm. The 
alimentary system is well developed, the oesophagus and the intestinal 
diverticula appearing much more voluminous compared with the size of the 
worm than in fully matured adult forms. The transverse diameter of intestinal 
rami in the post-testicular region is 0-08—0-01 mm. 

The ovary, shell gland and vitellaria are in process of formation. In the 
specimen represented in Pl. XXI, fig. 8, the ovary was only just beginning to 
develop, and the vitellaria were represented by a few small follicles. The uterus 
was present as a thin-walled tube running forward almost in a a straight line 
from the shell gland to the female genital aperture. 

The testes, on the other hand, are in a much more advanced stage of 
development, and in the sectioned worm spermatozoa were seen to be present 
in the vesicula seminalis. 

Thus it seems that the male sexual organs in the young forms of this 
species are in a more advanced stage of development than in the female. 


4. COMPARISONS WITH THE Description OF Dietz (1910). 


Although the writer does not consider himself justified in claiming to have 
described a new species, particularly without an examination of the original 
material of Dujardin and that of Dietz, he considers it desirable to put on 
record certain differences between the present specimens and the description 
as given by Dietz. They are given below. 
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(a) Collar. Dietz: Reniform with a double row of spines not interrupted 
dorsally. The spines show great variability in arrangement and size. In the 
type specimens the end group spines are in pairs one on top of the other. 

Writer: A single row of spines. No variability in arrangement and size, 
The form described by the writer shows the same arrangement as one of the 
varietal forms described by Dietz. 

(6) Dermal spines. Dietz: The fore end of the body is covered with skin 
spines. 

Writer: The dorsal surface is not provided with dermal spines behind the 
level of the posterior margin of the pharynx. 

(c) Ventral sucker. Dietz: Roughly on the border of the first and second 
quarters of the body. 

Writer: Roughly on the border between the first and second thirds of 
the body for specimens 3-4 mm. long and about the border of the second and 
third ninths for specimens 5-6 mm. long. 

(d) Cirrus pouch. Dietz: Small and situated almost entirely in front of 
the ventral sucker. 

Writer: Moderately large, ovoid and reaching posteriorly almost, if not 
to the centre of the ventral sucker. 

(e) Ovary. Dietz: Spherical or transversely oval, half-way between the 
ventral sucker and the anterior testis. Diameter 0-11—0-17 mm. 

Writer: Spherical, in the posterior part of the second third or in the 
anterior part of the last third of the distance between the anterior testis and 
the ventral sucker. Diameter 0-16-0-22 mm. for specimens 3-6 mm. long. 

- (f) Oral sucker. Dietz: Ratio of diameters of oral to ventral suckers 
1 : 3-5-4. 

Writer: Ratio of diameters of oral to ventral suckers 1 : 3. 

(g) Posterior testis. Dietz: In front of the middle of the posterior half 
of the body. 

Writer: Roughly in the middle of the posterior half of the body in speci- 
mens 5-6 mm. long, and almost completely posterior to this point in specimens 
3-4 mm. long. 

(h) Breadth of the body. Dietz: one-sixth to one-seventh of the body 
length. 

Writer: one-fourth to one-fifth of the body length. This may be due to the 
different methods used in fixing and killing. 
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DESCRIPTION OF PLATES XIX—XxXI. 


PLATE XIx, 
Fig. 1. Reconstruction of a mature specimen, 3-3 mm. long. x52. 
Fig. 2. Sagittal section through anterior half of the body. x61. 
Fig. 3. Dorsal view of the excretory system of a mature specimen, 3-5 mm, long. x51. 


PLATE XxX. 
Fig. 4. Side view of shell gland complex. x 273. 
Fig. 5. Transverse section through the region of the shell gland. x 87. 
Fig. 6. Transverse section through the region of the cirrus pouch, x 114. 


‘PLATE 
Fig. 7. Side view of cirrus pouch and vagina. x 130. 
Fig. 8. Immature specimen. x 67. 
Fig. 9. Portion of the intestinal wall. x 800. 
Fig. 10. Portion of the intestinal wall. x 800. 
Fig. 11. Portion of the peripheral region of the ovary. x 800. 


EXPLANATION OF LETTERING. 


a.l.e.v antero-lateral excretory vessel; cir. cirrus; cir.p. cirrus pouch; c.sp. cirrus spines; 
cep.sp. cephalic spines; d.ej. ductus ejaculatorius; d.e.v. dorsal excretory vessel; d.sp. dermal 
spines; e.p. excretory pore; e.ves. excretory vesicle; f.g.p. female genital pore; g.ps. genital pores; 
int. intestine; l.c. Laurer’s canal; m.c.t. main collecting tubule; m.l.y.d. main lateral yolk-duct; 
0. ova; ocs, oesophagus; 0.8. oral sucker; ot. ootype; ov. ovary ; ovd. oviduct; ph. pharynx; p.p. pars 
prostatica; p.ph. prepharynx; r.sem. receptaculum seminis; s.a.d.c.t. secondary antero-dorsal 
collecting tubule; s.a.v.c.t. secondary antero-ventral collecting tubule; s.p.d.c.t. secondary postero- 
dorsal collecting tubule; s.p.v.c.t. secondary postero-ventral collecting tubule; sh.gl. shell gland; 
* t;. anterior testis; f,. posterior testis; gt. uterus; vag. vagina; v.d. vas deferens; v.s. vesicula 
seminalis; v.e.v. ventral excretory vessel; v.sc. ventral sucker; y.c. yolk cells; y.gl. yolk gland; 
y.r. yolk receptacle. 


(MS. received for publication 31. x11. 1926.—Ed.) 
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AN UNUSUAL FORM OF PARASITISM OF AN 
ANTHOMYID FLY. 


By KENNETH M. SMITH, D.Sc. 
University of Manchester. 


(With Plate XXII and 1 Text-figure.) 


INTRODUCTION. 


In the course of a study of the bionomics of Hylemyia (Chortophila) brassicae 
Bouché, the Cabbage Root Fly, a small number of adults of this and a closely 
allied species were observed in the field to possess a somewhat unusual 
appearance. The capture and subsequent microscopical examination of these 
flies showed that they were parasitised by a micro-organism, which appears 
to be a fungus. 

So far as the writer can determine from a somewhat cursory review of 
the literature, such a form of parasitism in insects has not hitherto been 
described. 

Altogether some half dozen flies so parasitised were captured during the 
period from May to August, 1926, all in the same field. 


EXTERNAL APPEARANCE OF PARASITISED FLy. 


Externally a fly attacked by this organism differed from a normal adult in 
two particulars, the abdomen was rounded and somewhat swollen, as if the 
insect were gravid, while ventrally in the surface of the abdomen appeared 
one, more rarely two, very large crater-like orifices (Text-fig. 1). This circular 
opening in the ventral surface of the abdomen is most striking, it is a clean 
cut aperture with rounded lips and is in no sense a broken or irregular rupture. 
Indeed the external chitinous lining of the body appears to cover the lips of 
the crater and pass into the interior, an assumption which is borne out by 
microscopical examination of the interior of the abdomen. At no time were 
there signs of the external masses of hyphae which are so characteristic of 
attack by some Entomogenous fungi, nor did external hyphae develop on 
the death of flies affected by this parasite. 


INTERNAL APPEARANCE OF THE Fy. 


Internally the abdomen presents a most peculiar appearance; practically 
the whole of the abdominal cavity of a fly so parasitised is occupied by the 
large cyst formed by the hyphae of the parasitic fungus. The internal organs 
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of the fly, the alimentary canal, sexual organs etc., have either entirely dis- 
appeared or are compressed into a small space dorsal to the cyst. It is a 
remarkable fact that these insects were still able to live and fly about in an 
apparently normal manner. The cyst formed by the fungus is oval in shape, 
thick-walled, and contains a central cavity or lumen which opens ventrally 
by the crater-like aperture already mentioned. The walls of the cyst are 
composed of the multinucleate hyphae of the 
fungus set in palisade formation ; these project 
into the lumen of the cyst into which the 
spores are shed, as they are budded off 
(Pl. XXII, fig. 2) whence presumably they 
escape to the exterior by the ventral orifice. 
The identity of this fungus has not been 
determined. It partakes of many of the 
characteristics of the Entomophthorineae, 
somewhat resembling species of Empusa, but 
also differs from the latter in many respects. 
The hyphae are large and unbranched, 
they are non-septate and multinucleate with 
very large nuclei, which occur at fairly regular 
intervals along the length of the hyphae. 
These nuclei occupy the whole width of the 
hyphae, and may also occur as rod-shaped 
bodies of considerable length. The hyphae 
are strongly vacuolated and in some cases 
are packed with large numbers of round 
deeply staining granules. i: 
The spores are pear-shaped, thick-walled =; 
bodies of considerable size, each containing :: 
a single large nucleus and two or three ; 


vacuoles. These spores are formed by a > 
constriction of the end of the conidiophore 
somewhat after the manner of spore forma- 
tion in MpUsa MUSCAE. Text-fig. 1. Outline drawing of Antho- 


Pl. XXII, fig. 1, illustrates the size myid Fly of two 
position of the cyst in the abdominal cavity °¥8ts, cach independent of the other. 
of the insect in section, the 
passing through the centre of the abdomen and disclosing the cavity of the 
cyst with the conidiophores which may be seen projecting into the lumen. 

It is not known how the fly becomes infected; possibly the spores are 
ingested by the insect and so introduced into the alimentary canal. On the 
other hand, examination of infected flies shows evidence of some connection 
between the tracheal system and the parasite. Sections through the abdomen 
reveal that the abdominal spiracles are filled with thin thread-like hyphae 
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which however differ in appearance from the hyphae in the abdomen of the 
host. It is possible that infection may start by means of the spiracular 
openings. 

It is interesting that occasionally two separate and independent cysts 
may exist in the abdomen of an individual fly. This was observed on one 
occasion and is illustrated in Text-fig. 1, where the orifices of the cysts are 
shown. A section through the abdomen of this fly revealed the existence of 
two independent cysts with separate walls, cavities and openings. 

It has been mentioned that the cyst cavity is lined with chitin in that 
part of the surface near the opening. There appear to be two possible ex- 
planations of this phenomenon; either the chitin may be part of th enormal 
external chitin of the body which has been drawn into the cavity by some 
action of the fungus, or it may be of a secondary nature produced by the 
chitinogenous cells under stimulation of the parasite. 

It is unfortunate that no stage in the development of this parasite could 
be found other than that here described, where the cyst and its external 
orifice have already formed. 

It is evident that much more material must be collected and examined 
before a comprehensive knowledge of this organism and its relations with 
insects can be obtained. 


EXPLANATION OF PLATE XxXIil. 


Fig. 1. Longitudinal section through the abdomen only of a parasitised fly near the centre of the 
cyst. This shows the cavity of the cyst. x 300. 

Fig. 2. Photomicrograph, x 900, showing some of the conidiophores, and the spores being 
budded off (along upper part of figure). Note the spore with a single large nucleus, two 
vacuoles and numerous small granules. The vacuolate nature of the hyphae is clearly shown. 


(MS. received for publication 17. 1. 1927.—Ed.) 


. 


PARASITOLOGY, VOL. XIX. NO. 2 


PLATE XXIl 


Fig. 1. 


the 
ular 
ysts = 
one 
are 
| 
the 
43 
rnal 
ned 
vith 
Fig. 2. 


263 


DESCRIPTION OF A NEW GENUS AND SPECIES 
OF ANOPLURA (LEMURPHTHIRUS GALAGUS) 
FROM A LEMUR. 


By G. A. H. BEDFORD. 
(Division of Veterinary Education and Research, Union of South Africa.) 


(With 2 Text-figures.) 


LEMURPHTHIRUS n.gen. 


Female characters. Head connected to the thorax by a V-shaped chitinised 
plate. Eyes absent. Antennae 5-jointed, the first segment strongly developed. 
Thorax long and narrow; metathorax distinct. Sternal plate present, long 
and narrow; metasternum with narrow transverse chitinised bar. Thoracic 
stigmata apparently absent. Fore pair of legs smaller than the mid and 
hind legs; mid and hind legs sub-equal, widely separated. Abdomen elongated 
and narrow, without sutures and tergal and sternal plates. Pleural plates 
present on the second abdominal segment only. Stigmata present on the 
third to eighth abdominal segments. Tergites and sternites each with a row 
of long hairs and short spines. 


LEMURPHTHIRUS GALAGUS n.sp. 


Female. Head about as broad as long; anterior margin slightly rounded 
with a narrow marginal band; post-antennal area parallel-sided. Just behind 
the base of the antennae is a small chitinised spot. On the dorsum there is a 
hair on each side a short distance below the base of the antennae, and a long 
bristle and a short spine at each latero-posterior angle. On the venter there 
is a large V-shaped suture in the middle as in the majority of species of 
Polyplax Enderl. and Neohaematopinus Mjéberg. Antennae set close to the 
anterior margin; first segment large, about as broad as long, with a short 
spine on the dorsum at the basal post-axial angle, and a small, blunt spine 
on the venter near the distal, pre-axial angle; second segment long and 
narrow; third segment with two short, strong hairs on the inner margin; 
fourth with one similar hair. 

Thorax elongated; on the lateral margin of the dorsum there are five short 
spines, one above the other, and a short spine and a long bristle near the 
latero-posterior angle. Metathorax distinct, narrow and short, with four long 
bristles on the posterior margin. In addition to the sternal plate there is a 
narrow chitinised band on each side extending forwards from the posterior 
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Lemurphthirus galagus, 7.9., 1.8p. 


Fig. 1. Lemurphthirus galagus n.sp. 


Female. 


G. A. H. B. del. 


Fig. 2. Lemurphthirus galagus n.sp. 
Ventral surface of terminal ab- 


dominal segments of female. 


margin to the middle, where it becomes 
forked. Metasternum with narrow transverse 
chitinised bar. 

Legs. Fore and hind coxae each with a 
longish bristle. On the venter of the mid 
femora there are two strong bristles at the 
apex. 

Abdomen elongated; first and second ter- 
gites each with a row of four long bristles 
and two short spines; third to seventh ter- 
gites with a row of six long bristles and two 
short spines; eighth tergite with three bristles, 
two spines, and two long spiracular bristles, 
Apical tergite with a transverse chitinised 
band and five short hairs on each side near 
the apex. First sternite with a longish bristle 
on each side of the meson, chaetotaxy of the 
second to seventh sternites as on the dorsum. 
Gonopods, genital mark and chaetotaxy of 
the eighth and ninth sternites as shown in 
Fig. 2. Wall of the vagina tessellated, the 
tessellations slightly irregular and with large 
interspaces. 


Measurements. 


Total 1-84 mm. 


Described ‘from a single female collected 
by the writer from a Galago moholi (family 
Lemuridae) at Onderstepoort, Transvaal, in 
May, 1922. This interesting species, which is 
the first to be described from a lemur, is 
very distinct from all Anoplura that have 
previously been found on Primates, namely, _ 
monkeys and man. 


(MS. received for publication 6. 1v.1927.—Ed.) 
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